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THE INDUCTION OP LIVER TUMOURS BY 4- 
AJUNOAZOBENZENE AND ITS N:N-DIMETHYL 
DERR^ATIVE IN RATS ON A RESTRICTED 
DIET 

A. H. JI. ICinnv nnd P. R. Peacock 

rrom the Jloearcli Dcjxirtmcnt, Gfodjoto i?oyn! Cancer tlospilal 
(Plates I-VI) 

The early e.xporimcnts of Yoshida (lO-SS, 1034), Sasald and Yosliida 
(1935), Kinosita (1930) nnd Mnruyn (1938), wliilo cstnWisliing tlio 
carcinogenicity of 4'-nmino-2 : 3'-ozotolucno for tlio liver of tlio mt, 
failed to reveal any sucli activity on the part of 4-nniinonzobcnzene 
(AAB). Subsequent writers (ICinosita, 1939-40 : Jacobi nnd Baumann, 
1942 ; Kensler, De.vtcr and Rhoads, 1942) have stated on the basis 
of this early work that 4-nminonzobcnzono is non-carcinogenio for 
the rat. In more recent experiments, Jliller nnd Baumann (1946) 
fed rats for 8 months on n diet containing 0'053 per cent, of this azo- 
dye : the basal diet was similar to that devised by JDller, Jliner, 
Ruaoh and Baumann (1941) and found by them to favour markedly 
the induction of liver tumours by N : N-dimethyl-4-nminoazobenzeno 
(DAB) administered at a molar equivalent level {0-08 per cent.) in the 
diet. Although the rats which had received 4-aminoazobenzone in this 
“ pro-carcinogenic ” diet for 8 months were allowed to live on the 
same diet, free of dye, for a further 2 months, none of them dov'elojied 
anj' liver tumours by that time, t.c. up to 10 months. Prom Miller 
and Baumann’s experiments it is clear that the caroinogenie aetivity 
of this azo- dye, if any, is much weaker than that of its N ; N-dimothyl-, 
or oven of its N-monomethyl- derivatives, both of which induced 
hver tumours within G months in 100 per cent, of the rats given these 
dyes at molar equiv-alent levels in the same basal diet for 4 months. 
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A. H. M. KIRBY AND P. R. PEACOCK 


In 1942, Kensler, Dexter and Rhoads reported that a diphospho- 
pyridine nucleotide (co-enzyme I) system was inhibited to varying 
degrees by free radicals of the type of Wurster’s salts derived from 
para-diamines. They showed that the degree of inhibition by these 
diamines was proportional to the stability of the free radicals derived 
from them, estimated by Michaelis et al. (1939). Furthermore, they 
published a table in which they correlated the toxicity of some of the 
diamines with the carcinogenic potency towards rat liver of the azo- 
compound which could give rise to those particular diamines by 
reductive fission. According to this table, the percentage inhibitions 
of p-phenylenediamine, p-toluylenediamine and N : N-dimethyl-p- 
phenylenediamine were 38, 65 and 92 respectively, while the carcino- 
genic activities of the parent azo- dyes — 4-aminoazobenzene, 
4'- amino-2 : 3'- azotoluene, and N : N - dimethyl - 4 - aminoazobenzene 
respectively — increased in the same order. The fact that p-phenylene- 
diamine had an enzyme inhibition value of 38 per cent, was taken by 
them to indicate that azo- compounds yielding spht products with 
an enzyme inhibition value less than a certain level (65 per cent.) 
would be non-carcinogenic for rat liver. T h i s “ threshold ” hypothesis 
seems to depend on the reputed non-carcinogenicity of 4-aminoazo- 
benzene, whereas the toxicity of p-phenylenediamine might indicate 
that the parent azo- dye is indeed carcinogenic for rat liver, though 
comparatively weakly so. 

Jacobi and Baumann, who demonstrated that the N-methyl 
groups of dimethyl-4-aminoazobenzene are labile and can take part 
in transmethylation, also suggested that demethylation of this azo- 
dye to 4-aminoazobenzene was responsible, at least in part, for the 
protection afibrded by high-protein and high-ribofiavin diets against 
carcinogenesis due to the dimethyl compound. This would imply 
that the N-methyl groups of dimethyl-4-aminoazobenzene were 
essential for the carcinogenic process. However, the methyl groups 
of the liver carcinogen, 4'-amino-2 : 3'azotoluene, are attached not to 
nitrogen but to carbon atoms and are not labile, which suggests that 
the methyl groups of dimethyl-4-aminoazobenzene may not be essential 
for carcinogenic activity. A prolonged test of the free base was 
imdertaken to test this point and to assess further the theories of 
Kensler, Dexter and Rhoads. As soon as it was certain that AAB 
was carcinogenic for the rat liver a preliminary report was published 
(Elirby, 1944). The present paper gives full experimental data and 
details of the pathological findings. 

Expeeimentai. 

Three groups of albino rats derived from the Wistar strain were placed 
upon a diet designed to faciUtate the induction of liver tumours by ingested 
azo- compounds. The “ low protein ” diet of Miller et al. (1941) was taken as a 
model, but war-time conditions made certain changes necessary. Thus cotton- 
seed oil was replaced by arachis oil, and glucose by a rather less pure source 
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of cnrbobydrato, imraoly potatoes. TIio |iatotoc3 were peeled by a inaebino 
which removed practically nil tbo akin but not tbo ** eyes ”, Tlio composition 
of tbo diet was as folloiva : — 


RltSTItlCTKD DIET (R.D.I) 
Casein ...... 

Potatoes (boiled) .... 

Salt (Glaxo, L.D.fi) 

Anvehis oil 

Cod liver oil . 

Yeast (D.C.L., dried) • . . . 


12 iwr eent. 
■« 

4 .. 

5 
1 


No mippicments were piven, other than tbo axo. comiwunds wliero oppropriato ; 
tbo latter wero added dry to frealdy mixerl diet each day in tbo amounts rocordorl 
boloa'. 


Resci-ts 


Group /. Controh 

Eight mnlo and 8 femnlo rats were maintained on tlic restricted diet 
witliout any azo- compound. Tlio earliest to die, a fenialo at 56 weeks, 
sliowcd no significant abnormality of the liver, and this was tnie of all 
these control rata, including the longest lived, a male that survived 
for 07 weeks. The average length of life on this restricted diet was 
77 weeks and would have been slightly longer if the Inst three surn'vors 
had not been killed. Sforcover, the two sveight-gain cutwes (fig. 1) 
show a oonsidcniblo increase in weight in rats of either so.v up to 
about 40 weeks, after which there was a tendency for the animals to 
Jose weight. The males showed a greater sensitivity to the deficiencies 
of the diet ns judged by the very rapid loss in weight between 50 and 
SO weeks. The average maxima, about 300 g. for male rats and 200 g. 
for females, were fairly near the average maximum for normal rats 
of this strain maintained in our department on rat cako and only 
employed for breeding purposes ; in our exiKirienco these rats rarely 
exceed 300 g. for a male and 250 g. for a female. Jliller et al. (1041) 
give no information about the health and longevity of control rats 
maintained on their synthetic diets; they do, however, state that 
“ rats on the low protein diet (0 per cent, casein) gained from 3 to 4 gm. 
per week hi the absence of butter-yellow ”. This compares with 
gains of about 5 g. per week for mnlo rats and about 3-5 g. per week 
for females during the first 14 weeks of our experiment (fig, 1), The 
loss in weight in our control experiment seems to have been caused 
mainly by the development of lung abscesses and bronohioetasis 
accompanied by loss of appetite. Tliis tj'po of lung disease is common 
in our strain of Wistar rats, but the deficiencies of the diet in this 
particular experiment seem to have exacerbated the lesions. One 

_ • Tho makers of this dried yoa-st informod us that tlio riboflavin content was 1 *4 
units per oz. _ Thus 100 g. of tho diet R.D.I would contain approximately 0*1 mg. 
A rat consuming g. of this diet per day would thoroforo receive 12*G ug. daily ; 
this amoiuit of vitamin is not above tho 15 /ig. otatod by Kcnsler el al. (10411 to lx> 
needed for normal^ health in tho rat and well below tho 200 pg. found to bo protoctivo 
(in conjunction with a high casein level) against carcinogoncsiq by N : I4-dimotliyI-4. 
nminoazobenzono. 
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type of lung lesion, concomitant with and probably related to the 
infected state of the lungs, was a change to flattened or low cubical 



epithelium of the terminal bronchioles, producing, on occasion, an 
appearance of proliferated ducts not unlike that seen in a liver which 


20 30 <0 so 60 70 80 90 VEtKS » 10 20 30 (-0 50 60 70 80 

Fig. 1. — Weight curves for 8 mals and 8 female Wistar rats maintained on the diet R.D.l (controls). 
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is the scat of bile-duct lij'lwrpinsia. Fig. -1, from control rat 208, 
slion-s the origin of these unusual structures. The importance of 
rccogni.sing flic non-neopln.stio nature of this epithelial modification, 
found in the seven control mfs of rvhioh the hmgs ivero c.vnminod 
microscopically, will be apparent from the results recorded later in 
this paper. No livers in this group showed proliferative changes and 
onlj' a few showed degenerative changes. 

Group 11. N ; 21-(iimetliyl-4-ainiuoazobcnzcuc 
(a) Diet ll.D.1. As neither the basal diet nor the strain of rat.s 
could bo regarded ns strictly comparable with those used by Miller 
cl al. (10-11), it was considered necessary to investigate the action of 



Fjo. 2. — Weight curves for 8 mnlo nncl 7 fcmnlo Wistnr rnta intiintninetl on tho ctiot 
R.D.l ith supplements of N i N-dimothyl-i-aminonzobonrenp, at levels indicated, 
for 33 weeks. 


the well esfabh'shed carcinogen N : N-dimethyl-l-aminoazobcnzeno 
(DAB) under our conditions. Eight male and 7 female rats were 
therefore given tho basal diet with this nzo- dye added. Tho initial 
level tvas 0*00 g. per 100 g. of diet. An attempt was made to force 
up the level of tho dye to 0-1 g. per 100 g. of diet, but the animals 
began to lose weight (fig. 2) and the level was reduced to 0-00 g. 
j. PAin BjcT— roi. m ^2 
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again, although the later stages were carried out successfully -with a 
diet containing 0-07 g. of dye per 100 g. of diet. After 28 weeks 
4 male rats in one cage were taken off the dye and given the diet only, 
to observe the effect, if any, upon the degree of cirrhosis persisting at 
eventual death ; the remaining rats were taken off the dye at 33 weeks. 

Rats in this group were killed when liver tumours were definitely 
palpable. One rat was eaten by cage mates after 7 weeks. Apart 
from this, the first rat died after 29 weeks with large tumours in the 
fiver. Histological examination revealed adenocarcinoma and 
hepatoma as well as cirrhosis. AU the remaining rats were found at 
autopsy to have fiver tumours of one kind or another. One had 
metastases of a hepatoma in the mesentery. The average survival 
period was 40 weeks from the beginning of dye feeding, but tumours 
were usually palpable 4-10 weeks before death and the average time 
of tumour induction would have been 33 weeks or less. Four female 
rats which survived 14 weeks or more after dye feeding had ceased 
showed little or no cirrhosis, but the fivers contained tumours definitely 
malignant histologically. 

In the strain of albino rats used and \vith the restricted diet 
employed, DAB given orally at a level of 60-75 mg. per 100 g. of diet 
induced fiver tumours of one kind or another in all animals that 
survived for 10 months or more. It might be concluded that the 
diet R.D.l protected the rats as compared with the diet used by 
IMiUer et al. (1941, 1945), whose rats aU developed fiver tumours by 
6 months. 

{b) Diet M.D.Z. It has since been possible to carry out another 
experiment with the same dye, at a level of 0-07 per cent., in rats of 
the same Wistar strain, but using a diet — R.D.3 — ^in which potatoes 
were replaced by starch. This allows of more accurate comparison 
■with the results of the American workers, who used glucose as carbo- 
hydrate. The weight curves are sho'wn in fig. 3. Contrary to 
expectation, liver tumours developed even more slowly on this new 
diet ; even in 6 rats which survived one year, 4 had no gross fiver 
tumours at autopsy. Out of 16 rats used, only 3 showed definitely 
malignant fiver tumours. It seems, therefore, that the slower rate of 
development of tumours due to DAB in our experiments compared 
with that in the experiments of kEller et al. (1941) is related to the 
strain of rats used rather than to the differences in diet (unless there 
is some protective factor in starch as compared -with glucose). 
Apparently Sprague-Dawley rats are much more susceptible to 
carcinogenesis of the fiver by DAB than are Wistar rats. 

Nevertheless the lesions found in rats given DAB, especially 
frequent on the diet R.D.l, were essentially the same as those 
reported by other workers after feeding rats -with this dye. Bile ducts 
frequently imderwent cystic dilatation, so that large clear cysts 
sometimes appeared on the surface of the fiver. Bile-duct proliferation, 
with or without cirrhosis and cholangiofibrosis, was also common on 
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bof)i diets, nnd in 8 cnscs out of 27 ndcnocnrcinoma wns found. IVcIvo 
out of l!> mts receiving DAB in ll.D.I developed hepatorans irhicJi 
were considered in 8 cases to be mnlignnnt, but on ll.D.3 + DAB 
the rats showed lieputomas in only 4/12 case-s nnd only one of these 
appeared to bo mnlignnnt. Thus bile-duct ncoplnsin wns ns frequent 
ns liver-cell neoplasia in rats given B.D.l -f DAB, nnd considernbly 
more frequent in rats given DAB in R.D.3. Thi.s tendency for 
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tumours derived from proliferating bile ducts to predominate agrees 
with Orr’s findings (1940). Edwards and White (1941-42) hav'e 
differentiated more than one typo of hepatoma in their material ; 
they have shown by transplantation into homologous rats that their 
hepatoma typo I is benign, nnd that tjqjo 11 is mnh’gnant. In our 
experience, more than one histological typo of neoplasia wns often 
present in a single liver and even in individual tumour nodules. In 
many instances sections of liver would show cirrhosis, oholangiofibrosis. 
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cholangioma, adenocarcinoma and hepatoma -within an area of a few 
square mm. Where multiple tumoirrs are present in the hver it is not 
safe to assume that aU have the same histogenesis, and unless many 
portions of tissue are examined in such cases, the histological 
classification of the tumours has little value. The great variety of 
neoplastic changes to be seen in an area of only 2-3 mm. diameter is 
illustrated in fig. o, which was prepared from one section of a tumour 
in rat 190 (given DAB in R.D.l for 262 days — ^total dye 2-37 g. 
approx.) ; figs. 6 and 7 show larger magnifications of areas in the 
same hver. 

Orr (1940, p. 404) states that cystadenomas in his material often 
resembled “ the common cavernous hsemangioma of the human 
hver ”, particularly when the hning cells were of flattened “ endo- 
thelial ” type, but they rarely contained any blood. Such essentiaUy 
benign cystadenomas often occurred in our material, but hyperplasia 
of sinusoids was seen in several cases and in some of these the blood 
vessels seemed to have become neoplastic, growing -without obvious 
relation to the needs of the tumour and even apart from the hepatoma. 
In some areas it was impossible to distinguish between endothehal 
and epithehal ceUs, both types apparently being involved in the 
mahgnant process, so that sinusoids -with defective waUs opened 
directly into epithehal structures fihed -with blood in which many 
detached mahgnant cehs could be seen in sections (figs. 8-10). 

Rats in these sub-groups also developed lung lesions. Bronchi- 
ectasis was only foimd in one rat of each sub-group, but of the rats 
given DAB in the diet R.D.l several showed flattening of the 
epithehum of the terminal bronchioles. When septic areas of lung 
contained such altered bronchioles the sections had an appearance 
suggesting secondary deposits of adenocarcinoma, an interpretation 
especiahy attractive as so many rats in this group had cholangiomas 
of the liver. However, the limited extent of such structures and 
their similarity to the lesions seen in the control rats make it reasonably 
certain that they were primary and non-mahgnant, even non-neoplastic. 
To illustrate the histological similarity of the lung and liver lesions 
there are shown, in figs. 11 and 12, a section of liver and one of 
lung from rat 190 (262 days on DAB in R.D.l). 

The “ pro-carcinogenic ” influence of the restricted diets used by 
us calls for further comment. The much greater and earlier incidence 
of liver tumours obtained by MiUer et al. (1941, 1945) in Sprague- 
Dawley rats given DAB orally compared -with that found by us in 
Wistar rats recefrdng the same dye at the same dietary level is 
considered to be due to differences in strain of animals rather than to 
differences in diet. Our diet R.D.3 differed from that designed by 
Miller et al. (1941) in the replacement of cerelose (a pure, commercial 
glucose monohydrate) by starch, of cotton-seed oil by arachis oil, 
and of Vitab (a commercial rice-bran extract) by dried baking yeast. 
In their “ rice-carrot ” model diet, lliller et al. (1941) also used yeast 



J. VATn. lUCT.— VOl. ux 


PlATK 1 


KNrnjnir.sTAi. i.rvi:i: Tt’Mocim 



Hut I’dS, contfol. Kurly 
Xiili* Rutulurity of tcnumul hronoluolo'« to 
proliftTulwi bjU'tlui'ts (►»*<' 11). U.n««l H. 
• 2h0 


r -c*. 







Fif}. 6. — lint 100. AnolluTfioldsliouiijR junction 
bolwecn nodular liypcrptnsin and undifTcrcn- 
tmted connective tissue from nron of incipient 
cirrhosis. H. and E. x280. 



1*11:. Hut l!» 0 . Fed with X: X'diineth>l* 
tumiimwuolK'n/ctic ^.Hidayn. Killed 2d3rd 
di»y. ’rriil>«'f'i»lrtr hepnlnmu nnd ndi*nr>* 
ciifcmoma, npjiurrntly ilrriveil from pfo* 
hreridtsl hilei)n('t«. Cirrhotic hanciH tra verso 
tile liehh ll.inuilh XOO, 



Fig. 7. — lint 100. Cholnngiofibrosis shoumg 
bilo ducts distcMidcd with mucus, H. nnd 

n. X 2S0. 






O'f.y.' '‘•y 


i r>’ 





Fio. O.-^Rnt Jf)7. Arcrt wlioit/ng e»(2o{h<*Iii)I 
cells InuldmR off into thlntctl »inusoHj'» of 
liver. H. nnd R. x-80. 

Kia. 10. — Uat202. X: N-tlimctliyl.4.ftminon7o. 
bcnfriio 230 days. Died 2.'>4liulny. Metastasis 
in inex<»<i(ortc lymph node Hhowifij: vimlifTerou- 
tiatod malignant c‘ell« apparently of cii<lotlielinJ 
origin. W'dlfs of aituisouls dcfeetivo oveept tn 
tipper jiart of ilelcl. II. and 3i. x 280. 








J PATII HACT— VOL. LTX 


Plate HI 


nspruntrNTVL lim.iv Timouns 



Fia. 11 — lint 190 Trrogiilnrljtlo duotliyperplnsin 
nnd ndenocnrcmoina socomlanly mfortf^d H. 
nn<lE xi80 



Fio. 12— Pnt IDO. Abnormal terminal 
broncblolcs showing cubical epitbebum, for 
comparison %’iJth fig 11. H.andE. X280. 



Fro 13 — Rat 139 4-Ammoa7obenzcn0 627 daja Multiple tumours m left \entral 
lobe of h\er. 














J PATH PACT— VOX Il\ 


Plate V 


K-SJ*! HIMXNTVL Ll\ril TUMOUHS 



Fio 10 — Rat 1J8 4*Aminoa/obct»7cno 52.'» dn>8 Xodiilar hepatoma composed 
of % ery largo colls H. and 3^ X 170 










J PATH BACT— \ol.LTX 


Platk VI 


EM’EttnirsTAt Livrn tumour'j 



Tio 32 — Rnt 143 4 Ammonzobonzono 702 dnjj* Hr’rtvjlj mfocltd lunp. Smnll 

broncluolos \\ith flattened cpuhclium, H. iind x2S0> 





EXPEBIMENTAL LIVER TUMOURS 


9 


instead of Vitab, without significant offoot on their results. Miller 
cl al. (1944) have shown that replacement of corn oil by hydrogenated 
cotton-seed oil in the diet containing DAB results in a grea% reduced 
incidence of liver tumours, but araclus oil and cotton-seed oil resemble 
corn oil closely in chemical constitution and there is good reason to 
expect it to yield similar results. On the other hand, our diet B.D.l 
replaced cerelose by boiled potatoes, wliich not only contain substances 
other than carbohydrates but also contain about 76 per cent, water. 
Thus while an animal ingesting the same weight of B..D.1 ns of 
B.D.3 would receive similar weights of protein, salts, oil and yeast, 
it would receive considerably less carbohydrate, and the ratio of 
proximate principles would bo quite different. Bor comparison, the 
amounts of the various constituents for B.D.3 and B.D.l are set out 
in table I. It will be seen from the figures in the last column that a 

Tadce I 


Percentage composition of the restricted diets 





R.D.3 

Il.TJ.l 




Per cent. 

Per cent. 

Patio 

Casein 



12 

12 

a 

Starch 



76 

0 

0 

Potato (dry material) . 



0 

67)'® 

70 

Water 



0 

0 

Salt9 . . 4 




4 

16 

Arachis oil 

Cod liver oil 




. ?}“ 

24 

Dried yeast 
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rat eating enough B.D.l to get the same amount of carbohydrate as 
a rat eating B.D.3 would ingest four times as much protein (casein), 
salts, oil and yeast, and therefore riboflavin. It would thus appear 
that rats receiving sufficient B.D.l were not deficient in protein or 
ribofla\'in. This presumably explains the reasonably good growth 
seen in all rats receiving B.D.l, although the controls on B.D.l alone 
never reached the weights attained in similar rats given a satisfactory 
balanced diet, namely rat cake (Thomson, 1936). Bats maintained 
on B.D.l with or without DAB grew faster and reached heavier 
weights than rats on B.D.3 -j- DAB ; they also showed a liigher 
incidence of tumours. The reason for these results is not clear. 

The weight of each diet consumed per rat was about the same in 
each group, but the caloric value of B.D.l was lower, owing to the 
67 per cent, of water in this diet. On the other hand, the food intake 
of the B.D.l group must have been at least as adequate as that of 
the B.D.3 group, judged by their body weights. The higher ratio of 
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protein to carbohydrate in R.D.l may account for the greater rate of 
growth but does not explain the higher incidence of liver tumours. 

Whatever the explanation, the fact remains that a more normal 
diet — ^R.D.l — containing more “ protective ” substances, favoured 
carcinogenesis more than a “ less normal ” diet — Il.D,3 — containing 
less of these substances. 

Group III. 4:-Aminoazobenzene 

Sixteen male rats were used in this experiment. The basal diet 
(R.D.l) was the same as for groups I and 11(a). The dye was added 
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Fig. 14. — ^IVelghfc curves for 16 male Wistar rats aiaintained on the diet R.D.l with 
supplements of 4'ammoazoben2ene, at levels indicated, up to 3 years. 


initially at the level of 0-3 per cent., and later, after 20 weeks, at the 
level of 0'5 per cent, of the diet. These levels are roughly 5 and 8 
times respectively the level at which the dimethyl derivative can 
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safely bo given, but tlie weight curve (fig. 14) indicates that a reason- 
able increase in ■weight was maintained up to the 20th week. At the 
30th week the dye level was raised to 1-0 per cent, and tliis was soon 
followed by a sharp fall in weight, ending at the 3Cth week, when the 
dye was 'withdraivn for one week. At the 37th week the dye was again 
added to the diet at a level of 0-3 per cent., but the rat weights 
(which had largely recovered in the absence of the dye) began to fall 
again, and the dye level was reduced to 0-25 per cent, and, at the 
45th week, to 0-20 per cent., when a satisfactory rise in the weight 
curves set in. That the presence of the dye was retarding growth 
is shown by the sharp temporary rises at 71 and 87 weeks respectively, 
when the dye was withdrawn for a short time. One of the two 
snn'ivors at 104 weelrs was lulled ; the other ■ivas allowed to live 
on to 120 weeks on the restricted diet but wthout any further dye. 
As will be seen from fig. 14, this rat at first increased in weight after 
the dye was finally withdrawn, an improvement which was not 
maintained. 

Smith et al. (1943) found that Wistar rats tolerated 4-nmino- 
azobenzene at a level of 0-1 per cent, in a low protein diet, but the 
weights of the animals fell by as much as 20 per cent, in the course 
of 5 -n-eeks. When the same amount of dye was incorporated in a diet 
containing 27 per cent, of casein, 8/11 rats gained weight up to 
50 per cent, in 0 weeks. These were essentially short-term experiments 
and provide a difierent kind of orddence from that reported in this 
paper. However, it is clear that 4-aminoazobenzene is a toxic 
substance for the rat but that it may bo tolerated fairly well up to 
a level of 0-2 per cent, of the diet, especially if that diet is rich in 
first-class protein. 

Contrary to the findings of previous workers, we found that AAB 
could induce malignant liver tumours in a proportion of rats (table II). 
But the earliest neoplastic lesion was found in a male rat lulled at 
400 days, and malignant tumours were not found until 625 days 
had passed. The latter period exceeds that used by any previous 
workers ; moreover the diet contained a higher proportion of the 
dye. However, tumoms of undoubted malignancy appeared in only 
2 out of the 16 rats used ; one of these two livers, which weighed 
47-8 g., is illustrated in fig. 13. The tumours were primary liver-cell 
carcinomas. One showed invasion of the veins of the liver capsule 
(fig. 16), the other metastasis to the mesentery (fig. 16). While bile- 
duct proliferation and oystadenomas (figs. 17 and 18) were found 
in these two livers and in the livers of 3 other rats surviving longer 
periods, no adenocarcinomas were found in the liver of any rat of 
this group. It seems that methylation favours the induction of 
malignant tumours derived from bile ducts as judged by the results 
obtained with DAB. It would appear, moreover, that methylation 
of the amino- group is much more effective than methylation of 
carbon atoms in the 4-aminoazobenzene molecule. Emmart (1940-41) 
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reports benign and malignant hepatomas in Wistar rats given 4'- 
amino-2 ; 3'-azotoluene, the only reference to bhe-dnct hypertrophy 
being made in a histological report on one rat. Miura (1935), summing 
up the results of Sasaki’s group in Tokyo, states that onlj’- 4 typical 
cholangiomas were found in white rats given this dye, whereas many 
hepatomas were found in rats fed longer than 135 days. Mill er and 
Baumann report greater carcinogenic activity for the hver of rats 

Tabue n 

Incidence of certain lesions in relatiori to dye, diet and sex 




Stomach 

Kidney 


Liver 

- 


Spleen 

Lung 

Group 

Sex 

Papilloma- 

tosis 

Pigmenta- 
tion of 
tubular 
epi- 
thelium 

Necrosis 
of con- 
voluted 
tubules 

Bile duct 
prolifera- 
tion 

Bile duct 
tumours 

Hepa- 

toma 

Liver 

cell 

carci- 

noma 

Cirr- 

hosis 


Abscesses 

(bronchi- 

ectasis) 

Controls 

M 

0/8 

0/8 

1/8 

0/8 

0/8 


0/8 

0/8 

0/8 

5/8 

on 

K.D.1 

F 

1/8 

0/8 

3/8 

0/8 

0/8 

0/8 

0/8 

0/8 

0/8 

5/8 

DAB 

M 

0/8 

1/8 

0/8 

6/8 

5/8 

7/8 

5/8 

6/8 

1/8 

1/8 

in 






4M» 






E.D.l 

F 

0/7 

0/7 

0/7 

6/8 

4/8 

5/7 

3/7 

4/7 

2/7 

0/7 





2SI* 


ISt 




DAB 

in 

E.D.3 

M 

0/G 

0/6 

4/6 

4/6 

6/6 

lil» 

4/6 

1M» 

2/6 

0/6 

1/0 

0/0 

0/0 

r 

0/6 

0/6 

2/6 

3/6 

2/6 

1/6 

3/0 

2/0 

1/6 

AAB 

in 

E.D.1 

M 

6/16 

10/16 

2/16 

6/16 

0/16 

5/16 

2/16 

2St 

0/16 

15/16 

12/16 


• M ■= malignant. t S = metastases. 


(presumably Sprague-Dawley) on the part of m'-methyl-N : N- 
dimethyl-4-aminoazobenzene than that possessed by DAB, but 
unfortimately make no mention of the type or types of lesion induced. 
These findings seem to indicate that the extra carcinogenic activity 
imparted by the N-methyl groups is due to an effect on bile ducts ; 
the further increase imparted by methylation of the m'-carbon atom 
is probably due to an induced greater lability of the N-methyl groups, 
which is actually decreased when methyl groups are introduced on 
other carbon atoms of the DAB molecule. 

Hepatomas were found in 7 rats all told, which died or were 
killed at 400, 525, 527, 548, 620, 702 and 730 days respectively; 
cystadenomas of bile ducts but no hepatomas were found in the last 
rat, kiUed at 841 days. Various types and stages of hepatomas are 
illustrated in figs. 19 and 20, including hepatoma in association ivith 
angioma. The types of lesion were essentially similar to those 
obtained with DAB, except that hepatoma predominated over bile- 
duct neoplasia whereas the reverse was true for rats receiving DAB. 

Some degree of cirrhosis (fig. 21) was found in 6/16 rats in t e 
A AT? group but it was less severe than in the DAB group. Tlois may 
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account for the liigher incidence of cliolangioma in the latter group, 
as bile duct proliferation regularly accompanies the development of 
cirrhosis and may lend either to the essentially benign and ultimately 
atrophic lesion first described bj' Edwards and White and termed by 
Opie cholangiofibrosis, or to cliolangioma which according to Opie 
(1944) originates ns a rule from areas of cholangiofibrosis. 

Splenic enlargement up to 10 times normal weight was a regular 
feature of the .AAB-fed rats and 5 autopsy specimens weighed 5-75, 
O'O, 0'35, G-75 and 7-3 g. respectively. Such gross enlargement cannot 
be accounted for by the degree of cirrhosis of the liver and 
accompanying back pressure, as the DAB-fed rats showed greater 
evidence of cirrhosis with little splenic enlargement. Spleens from the 
AAB group contained great numbers of 

cells in the pulp, most of which gave th ' '' 

all the pigmentation was duo to hasmosiderosis, however, and yellow 
iron-free pigment was present similar to that seen in the renal 
convoluted tubules of the same animals. It is suggested that enlarge- 
ment of the spleen in the AAB group is initially duo to a toxic elfect 
on the red corpuscles and is part of a compensatory mechanism. 

Pigmentation of the epithelium of the convoluted tubules of the 
kidney was reported in DAB-fed rats by Edwards and White and in 
rats given azobenzene, AAB or DAB by Smith el al. Pigment was 
absent or very sh'ght in our DAB-fed rats on either basal diet, but in 
10 of the AAB-fed rats the convoluted tubules were loaded with 
brown pigment which, like that seen by Edwards and Wliite in 
DAB-fed rats, did not give the Prussian blue reaction. In our 
experiments AAB was given in much larger quantities than was 
DAB, and this may account for these differences. In control rats 
there was no pigmentation in the kidneys, which were not always 
free from damage, however. In 0 controls the kidneys showed some 
evidence of toxic change, 4 showing necrosis of the convoluted tubules. 
Essentially similar renal lesions were seen in 2 male rats given DAB 
in diet R.D.l and also in a few rats given DAB in diet R.D.3 and 
in 6/lC rats given AAB in diet B.D.I. It seems, therefore, unlikely 
that the azo- dyes were responsible for Iddney changes other than 
pigmentation. 

Although 12/16 rats in the AAB-fed group developed bronchiectasis 
compared with 1/15 and 1/12 in the DAB-fed groups, the control 
rats developed similar lesions in 10/16 cases, and it seems clear that 
the DAB-fed rats were onlj' freer from this lesion because they died 
or were killed at a much earlier age. A number of rats in the AAB-fed 
group showed flattening of the epithelium in the terminal bronchioles, 
which when associated with gross bacterial infection gave rise to the 
curious histological appearances already described and which might 
be mistaken for metastatic adenocarcinoma (fig. 22). Serial sections 
of these lungs revealed continuity between the bronchioles with 
flattened epithelium and larger bronchioles or bronchiectatic cavities 
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(fig. 23). Moreover, the observance of similar epithelial changes in 
control animals (fig. 4) showed that the dye could not be held either 
directly or indirectly responsible. 

Edwards and White report 4 cases of papilloma of the forestomach 
in their EAB-fed rats. Smith et al. make no reference to stomach 
lesions in rats given DAB, either on high- or low-protein diets, but 
they state that papillary keratosis was seen in rats receiving azobenzene 
or AAB in low-protein diets, and that this lesion of the forestomach 
“ is commonly seen in low-protein, yeast-containing diets regardless 
of the presence or absence of toxic substances in the diet ”. While 
none of our DAB-fed rats showed this type of lesion, one female rat 
receiving R.D.l without any azo- dye had only this papillary keratosis, 
and 6/16 rats receiving AAB in R.D.l showed naked-eye ulcero- 
papillomas in the forestomach, usually close to the margin of the 
glandular zone. These lesions may be indirectly related to the action 
of the azo- compounds, which possibly induce an avitaminosis A such 
as occurs in rats fed on overheated fats (Beck and Peacock, 1941). 

Classification of induced hepatic tumours . 

The remarkable regenerative capacity of the liver renders difficult 
the classification of tumours of this organ. Various terms are used 
by different pathologists to describe a range of neoplastic growths 
ranging from benign cholangioma to benign hepatoma, • with less 
easily distinguished malignant tumours bridging the histological gap 
between these extremes. Opie has reviewed this aspect of the 
pathogenesis of liver tumours induced by DAB. His classification 
and the conclusions he draws from his own and others’ work are 
applicable to most of the tumours in our experiments with DAB and 
AAB. There is however a type of trabecular hepatoma associated 
TOth many dilated sinusoids which may be termed hsemangiohepatoma. 
The vascular component of these tumours seems to exceed the limits 
of a stroma reaction and has the appearance of a cavernous angioma. 
Such tumours are distinct from those cystic tumours into which 
hsemorrhage has occurred and in which no endothelial lining to the 
blood spaces is present. The pleomorphism of induced liver tumours 
has been noted by most experimental pathologists. In the present 
series of experiments many livers show the utmost confusion of 
histological types in some regions, though well differentiated multiple 
tumours are also present. It seems clear that a single carcinogen of 
the azo- group may give rise to multiple tumours, sometimes of 
several histologically distinct types, and that these may invade each 
other and thus produce a confused pattern. Metaplasia occurring in 
hepatomas or in cholangiomas may also account for some of the 
pleomorphism of the final tumour. 

Sometimes the origin of hepatic adenocarcinoma can be traced 
directly to groups of hyperplastic bile-ducts, but apparently identical 
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adenocarcinoma seems also to arise from trabecular hepatomas. 
Decision as to malignancy is often difficult in the absence of metastasis. 
In human patliology, well differentiated hepatomas in which the cells 
contain bile pigment inclusions sometimes give rise to metaatases of 
similar liistology. Thus it seems unjustifiable to base estimates of 
malignancy on eytological appearances alone. In experimental 
hepatomas the gradation from benign to anaplastic malignant tj-pcs 
includes stages where it is impossible to say whether the tumour is 
simple or malignant. I?rom the practical standpoint, however, any 
substance that induces neoplasia of any epithelial component of the 
liver should be classed as a carcinogen. 

Other considerations 

It is curious that no sarcomas have occurred in this series, although 
our Wistar rats occasionally develop sarcoma in the fibrous capsule 
around encysted Cysticercus fasciolaris. One might have supposed 
that the proliferating connective tissue in areas of early cirrhosis 
would be liable to develop sarcomas in these animals, the more so as 
azo- compounds have been shown to be sarcogenic for the connective 
tissues of mice. 

No doubt with increasing Icnowledge it will be possible to classify 
chemical carcinogens more precisely into epitholiotropio and meso- 
dermotropio groups, but it would seem that local metabolic differences 
may account for the variable response of the connective tissues in 
different sites to particular carcinogens. It is also certain that rats 
and mice differ in their susceptibility to many carcinogens. 

The results obtained by Gljmn et al. (1945) showing the role of 
methionine and cystine in preventing liver necrosis and their 
differentiation between necrosis of dietary origin and cirrhosis offer 
better prospects of e.xperimentally controlled carcinogenesis un- 
complicated by histologically confusing reactions. It would appear 
from their work that 7 per cent, of casein is near the minimum supply 
of sulphur-amino-acids to prevent massive necrosis of the liver. 
Although up to I'O g. of 4-amiuoozobenzene per 100 g. of the diet 
R.D.l (which contained only 12 per cent, of casein, wet weight) was 
given during the first 35 weeks of our experiment, no massive necrosis 
or scarring was seen in any of the rats dying at any time, including the 
first which died in the 39th week. Moreover, retardation of growth was 
not serious and actual loss of weight began even later than in the 
control group (figs. 2 and 14). In the experiments of Glynn cj al, 
rats on diets deficient in methionine began to lose weight at once. 
It would therefore appear that even large doses of 4-aminoazo- 
benzene, when the intake of sulphur-amino-acids is relatively low, 
do not seriously interfere with the supply of sulphur for normal 
metabolism. 
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CoKCIitrsiONS 

The conclusion may he drawn that 4-aminoazohenzene (AAB) is a 
carcinogen of which the activity is similar to, though much weaker 
than, its N : N-dimethyl derivative (DAB), It causes less cirrhosis 
and less bile-duct hyperplasia than does DAB and the neoplastic 
changes induced by Aj^B affect liver parenchyma rather than bile- 
ducts, whereas DAB induces tumours of both types of cell. 

While belief in the essential character of the methyl groups in 
DAB is somewhat reduced by our findings with AAB, the peculiar 
importance of these groups is obvious. Moreover, it has been 
emphasised by the recent observations of Sugiura et al. (1945) that 
higher homologues of DAB are quite inactive in the rat. Apparently 
the liver of the rat is able to methylate or demethylate, but the 
corresponding processes with ethyl (or higher) groups cannot be 
carried out. This accords with the results observed -with ethionine in 
rats by Dyer (1938), and it seems likely that N : N-diethyl-4-amino- 
azobenzene is non-carcinogenic for the rat liver because that organ 
is unable to de-ethylate it. Reductive fission should yield N : N- 
diethyl-p-phenylenediamine and this would probably be excreted as 
the N'-acetyl derivative. Unfortunately, the experiments carried out 
by Kensler, Dexter and Rhoads (1942), Kensler, Young and Rhoads 
(1942), Potter (1942) and Elson and Hoch-Ligeti (1944) did not include 
the effect of N-ethyl-p -diamines on enzyme systems, and the inhibitory 
action, if any, of N'-acetyl-N : N-diethyl-p-phenylenediamine cannot 
be related to the non-carcinogenicity of the parent azo- dye. 

The experiments of Miller, Miller and Baumann (1945) on the 
methylation and demethylation in vivo of azo- dyes may not be vahd 
for Wistar rats under our experimental conditions. Hence it cannot 
be decided without further experiment whether 4-aminoazobenzene 
is carcinogenic per se or acts by virtue of conversion in the liver to 
the dimethyl derivative. 

It is noteworthy that attempts to induce liver tumours in stock 
mice by repeated subcutaneous injections of AAB dissolved in arachis 
oil failed completely, even after 626 days’ experimentation and a 
total dose of 192-5 mg. Since, however, the dimethyl compoimd 
DAB is so very weak a carcinogen for mice, whether administered 
by feeding or by subcutaneous injection (Law, 1941 ; Andervont 
and Edwards, 1942-43 ; Andervont, IVhite and Edwards, 1943-44 ; 
Kirby, 1945u), it is not perhaps surprising in view of the results in rats 
that A AB should be non-carcinogenic in mice ; yet methylation of 
certain carbon atoms to yield 4'-amino-2 : 3'-azotoluene produces a 
very potent hepatic carcinogen for mice (for references see lUrby, 
19456). This reversal of the carcinogenic potencies in rats compared 
with mice of DAB and 4'-amino-2 ; 3'-azotoluene and its bearing on 
theories of azo- compound carcinogenesis have already been discussed 
(Kirby, 19456). 
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StratSIABY 

1. 4-Aininoazobenzene has been shown to be caroinogenio for the 
liver of the Wistar rat wlien ^ven orally at a level of 0-2 per cent, 
or more in a diet, R.P.l, favourable to the production of liver tumours 
by azo- dyes in this strain of rat. 

2. The carcinogenic action of tliis azo- dye was found to bo much 
less than that of its N : N-dimethyl derivative, which was given at a 
lower level in the same basal diet, R.D.I, to rats of the same strain. 

3. The basal diet used, R.P.l, was found to be more favourable to 
liver-tumour induction by N : lf-dimethyI-4-aminoazobenzene tlian 
was another basal diet, R.D.3, whieli appro.vimated more closely to 
that devised by Miller el al. (1941) and found by them to favour 
greatly liver-tumour induction by this azo- dye in Sprague-Dawley rats. 

4. 4-Aminoazobenzcno caused little cirrhosis and few tumours of 
bile-duct origin ; the N : N-dimethyl derivative caused considerable 
cirrhosis, and bile-duct tumours exceeded those of liver-cell origin. 
Rats given the free base also developed greatly enlarged spleens ; 
in those given the methylated base the spleen was not significantly 
enlarged. 

6. Primary tumours were not found in organs other than the liver. 
Metastases were found from liver tumours due to 4-aminoazobcnzeno 
as well as from those duo to the dimethyl derivativ'O. 

6. The presence of methyl groups on the amino group of 4-amino- 
azobenzene does not appear to be essential for carcinogenesis, but tliis 
action is greatly enhanced by such methylation. 

7. The classification of induced hepatic tumours is discussed and 
their diversity emphasised. 

We have pleasure in nclmowledging technical assistance by Mr J. C. Graham, 
Mrs Ellen Leibholz and Miss E. Y. Stewart. One of ns {A. H. M. K.) wishes 
to express his thanks to the British Empire Cancer Campaign for a full-time grant. 
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Addendum. Since this paper was submitted for publication, it has been 
demonstrated by Kensler et al. (1946, 1947) that N':N-diethyl-4-3minoazo- 
benzene (EAB) is de-ethylated by the liver of the rat when given orally in a 
rice-carrot diet. Thus absence of carcinogenic activity in the case of this azo- 
dye cannot bo attributed to failure on the part of the liver to de -alkylate ; 
de-alkylation per se would therefore seem not to be part of the carcinogenic 
process. Nevertheless it should be pointed out that EAB has only been tested 
in the rice-carrot diet in which AAB has always failed to induce tumours. It 
is possible that EAB would induce tumours of the liver in the rat if given orally 
in our diet R.D.l or other specially favourable diet. 
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THE CARCrNOGENIG ACTION OE 2-ACETYL- 
AJONO-ELUORENE ON VARIOUS STRAINS OE 
MICE 

Elizabeth C. Abmsteono and Geohoiajia M. Bonser 
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(Plates VII and VUI) 

Armsthono and Bonser ( 1944 ) described the effect of prolonged 
administration of 2-acetyl-aniino-fluorene by stomach tube to CBA 
mice. The number of mice used was small, as the supply of the 
chemical was limited. Eivo epithelial tumours of the bladder — 3 
bem'gn (2 of them with malignant areas) and 2'maUgnant — were 
ascribed to the treatment ; hepatomata and a uterine sarcoma were 
regarded as possibly spontaneous. A comparison was made of the 
response of the mouse with that of the rat, as described by other 
authors. 

It seemed important to extend this experiment by the use of a 
larger number of mice of different strains. 


JtCTHOD 

In the present experiment the dose of the chemical was reduced to 0*2 c.c. 
of a 1*5 per cent, suspension in orachis oil given by stomach tube twice weeldj% 
i.e. 6 mg. per mouse per week in place of 9 mg. in olive oil in the previous 
experiment. Treatment was continued until the animals seemed unlikely to 
survive longer, 77 weeks being the moximum period. As before, there was a 
considerable mortality from the shock of intubation in the early part of the 
experiment (50 mice, table I). The age at the commencement of treatment 
ranged from 9 to 16 rveeks, 12 weeks being the ago of choice. 


Experimental eesdlts 

Tumours occurred frequently in the bladder, liver and female 
breast, permitting a stud3' of the influence of strain and sex upon 
their incidence. They occurred sporadically in the stomach, thyroid, 
renal pelvis and female generative tract, but were not observed in 
sites usual in the rat, such as the external auditory meatus, intestine, 
ureter, pancreas, brain or kidney. 
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Influence of strain 

(a) Bladder. A graded series of changes was observed in the 
bladder epithelium, starting with mild patchy hj’perplasia in the 
form of an increased number of layers of swollen cells and proceeding 
to infiltrating carcinoma without metastasis. The previous description 
(Armstrong and Bonser) requires little modification except in so far 
as more bladders at different stages were available for examination 
and therefore a greater variety of size and appearance of the tumours 
was seen. The largest malignant tumour measured l-O cm. in each 
diameter ; it was a transitional-cell carcinoma with areas of 
keratinisation. The other carcinomas were of similar type. Mucus- 
secreting types were not seen. In one CBA female, treated for 62 
weeks, abundant melanin pigment was found in patches in the cells 
of all the layers composing the hyperplastic epithelium (fig. 4). 

Tabie I 


Mice used and survival rate 


strain 

No. of mice started 

No. of mice dying between 

Sex of survivors 
for 20 weeks 
and more 

Male 

Pemale 

Total 

20-49 weeks 

60-77 weeks 

Male 

Female 

CBA 

12 

13 

25 

1 

■MH 

9 

■■ 

IF 

14 

14 

28 

1 


9 


Bin 

12 

12 

24 

2 


10 

11 

White label 

22 

23 

46 

9 


12 

12 

Strong A 

14 

22 

36 

6 


6 

19 

1 


No strain was exempt from tumours of the bladder, but when the 
strains are arranged in descending order of susceptibility it is seen 
(table II) that there is a marked difference in incidence between the 
least and the most susceptible strains. In Strong A, only one of five 
papillomas showed early malignant change. This occurred in a female 
treated for 69 weeks. It should be noted (table I) that the number 
of males of this strain surviving 20 weeks of treatment was only 6. 
Since, when aU the strains are considered together, the incidence of 
bladder tumours is higher in males than in females (table VI), it 
might have been higher in the Strong A strain had more males 
survived. By contrast, 12 of 14 CBA mice showed either malignant 
papillomatosis or infiltrating cancer. 

(6) Liver. Changes of various kinds were seen. The most 
striking was marked swelling of the hepatic cell nuclei, with karyor- 
rhexis ; in some of the swollen nuclei one or more hyaline droplets 
were also seen. These changes were diffuse in some livers but patchy 
in others, when they were usually periportal in distribution. Collec- 
tions of polymorphonuclear and mononuclear cells were sometimes 
seen in the portal tracts or were more diffusely distributed. Cirrhosis 




















Table II — Bladder dianges in mice of different strains surviving treatment for 20 wccla 



The tost shoAvs that the possibihty that the dilTorpnoca la incidcnco of hepatomas m ttio vanous strains 
could ha\o occurred by chance is <I m 100. 
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was not seen. There was mild dilatation of the small bile ducts in 
some livers ; occasionally this was associated with proliferation, 
forming small insignificant cholangiomas. In a few livers there was 
multiple nodular hyperplasia. Hepatomas were also seen, conforming 
to the descriptions of other writers. A few had become malignant 
but no metastases were found. In the hepatic cells adjoining 
some of the hepatomas, was a golden-brown pigment. This gave a 
partial Prussian blue reaction but had not the characteristics of 
“ ceroid ”. 

There was a strain difierence in the incidence of these various 
changes (table III). Hepatoma was most common in the CBA 
strain, fairly common in IF and least common in Strong A. The 
strains could be arranged in the same descending order of frequency 
of incidence for both hepatoma and bladder papillomatosis (table II). 
Swelling of the hepatic nuclei was most marked in the Strong A 
strain and was completely absent in CBA. The significance of these 
differences is obscure. Spontaneous hepatomas occur not infrequently 
in the CBA strain (Strong and Smith, 1936 ; Gorer, 1940). In Leeds, 
2 of 13 breeding mice (15 per cent.) dying between 52 and 85 weeks, 
i.e. within the experimental period, bore spontaneous hepatomas, in 
contrast with 8 of 24 mice (33 per cent.) dying between 85 and 
117 weeks. As 73 per cent, of treated mice bore hepatomas (table 
III), most of which were larger than those arising spontaneously, there 
is little doubt that 2-acetyl'amino-fluorene is to be regarded as 
carcinogenic to the liver in this strain. No exact note has been made 
of the occmrence of spontaneous hepatomas in the other strains, but 
they must be very rare. 

(c) Breast. Of the five strains tested, the females of three (Bill, 
Strong A and White label) are liable to develop spontaneous mammary 
cancer in descending order of frequency. Litter-mate controls of the 
experimental animals were not kept but observation of the strains in 
recent years has yielded the following incidence in mice hving for 
6 months or more ; — RIII 71 per cent., Strong A 30 per cent.. White 
label 3 per cent, (table IV). The latter figure is unduly low, as the 
average age at death of these mice was 10 months and tumours do 
not usually arise before 12 months or more. Table IV shows the 
incidence of breast cancer in females surviving treatment for 20 weeks 
or more. It is to be noted that in both the strains normally exempt, 
induced breast tumours occurred, the incidence being significantly 
higher in the IF than the CBA strain. Orr (1943) found that mice 
of both these strains developed breast cancer when methylcholanthrene 
was the carcinogen. The incidence in each of the three strains in 
which breast cancer occurs spontaneously was increased by the 
treatment in varying degree when compared with the incidence m 
the strains as a whole. As fitter-mate controls were not available, no 
exact comparison can be made. Microscopically, the induced tumours 
did not differ from spontaneous tumours, except that half of those 
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in IT mice showed squamous metaplasia and keratinisation, a rather 
high proportion. 

Table IV 


Jncidenco of mammary cancer tn females 



Spontaneous mammary cancer In breeding 
females surviving for 26 weeks or more 

Mammary cancer In female mice treated 
for 20 nocks or more 

Strain 










^0 of 
mice 

examined 

'So of 
caocen 

Percentage 
incidence 
of cancer 

Average 
age in 
weeks 

bo of 
mice 

examined 

No of 
cancers 

Percentage 
Incidence 
of cancer 

A^e^age 
age in 
weeks 

CBA 


0 

0 

■HI 

0 

1 

11 

74 

IF* 


0 

0 


11 

8 

73 

67 

RIII 

62 

44 

71 


11 


01 

61 

White label 

31 

1 

3 

GO 

12 

7 

58 

48 

Strong A 

63 

10 

30 

48 

18 

7 

30 



The teat ahowa that the possibility that tho differonco in mcidonco of breast 
cancer in tho IF and CBA atraina could have ocourrod by cbanco is 1 m 100. 


• A female moaso of this atrala circa to Dr Orr was obscrrcd to have developed mammarj cancer 
epontancoualy at an age unloionii (Orr, 1046) 

(d) Other organs. Tumours in organs other than tho bladder, 
liver and breast (table V) were so infrequent that a comparison of 
their incidence in the various strains could not be made. The four 
pedunculated squamous papillomas of the forestomach, occurring in 

Table V 


Incidence of changes tn organs other than bladder, liter and breast 


Site 

Type of lesion 

Stniln 

Sex 

YTceVs of 
treatment 

Forestomach 

Squamous papilloma 

KHI 

AI 

77 


** » 

CBA 

F 

74 


*» *♦ 

Strong A 

F 

69 


Downgrowth of squamous epithelium 
at junction with glandular stomach 

(fig- 1) 

"Wliito label 

F 

65 


M 

65 

Thyroid . 

Adenocarcinoma with invasion of blood 
vessels (fig 5) 

Rxn 

P 

69 


Adenocarcinoma 

Strong A 

r 

60 


Colloid goitre 

CBA 

F 

70 

Renal pelvis . 

Transitional cell carcinoma 

^^^llte label 

M 

65 

Cervix uteri . 

Squamous carcinoma 


F 

69 

Vaginal outlet 

RIII 

F 

69 

Penneum 

» 

White label 

F 

66 


mice of three strains and both sexes after prolonged treatment, were 
of simple keratinising type (figs. 2 and 3) and showed no tendency to 
malignant change. The stomachs of a great many aged normal mice 
of all the strains have been examined post mortem and no similar 
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tumours seen. One White label male, treated for 65 weeks, showed 
a peculiar downgrowth of the squamous epithelium at its junction 
with the glandular stomach (fig. 1). This was regarded as due to 
squamous metaplasia of the gastric glands at the junction. The 
two adenocarcinomas of the thyroid occurred in a single lobe in 
non-goitrous glands in female mice treated for a long period of time. 
They were regarded as malignant and the presence of tumour tissue 
within blood vessels in one mouse confirmed this view (fig. 5). One 
transitional-ceU carcinoma of the renal pelvis was found in a male 
mouse and three tumours of the genital tract in female mice (table V). 
The squamous papilloma of the perineum had been present for many 
weeks before death and had grown slightly but was benign. 

Influence of sex 

{a) Bladder. From table VI it is seen that when aU the strains 
are considered together the incidence of papillomatosis is significantly 
liigher in males than in females. The numbers are too small to permit 
consideration of each strain separately. 

(6) Liver. There is no significant difference in the incidence of 
hepatomas in males and females (table VI). 

Table VI 


Sex differences of bladder and liver changes (all strains) 




Females 

Males 



No. of mice 
affected 

Per cent. 

No. of mice 
affected 

Per cent. 

Bladder 

Normal, or hyperplasia of 

42 

67 

16 

32 


epithelium 

Papillomatosis 

21 

33 

32 

68 

Liver . 

No hepatoma 

44 

76 

26 

70 


Hepatoma 

14 

24 

11 

30 


The X' test shows that the possibility that the difference in incidence of bladder 
tiunonrs between the sexes covdd have occurred by chance is <1 in 100, that of 
hepatomas is 1 : 4. 


The numbers of tumours in other organs are too small for estimation 
of any sex difference. 


Discussion 

The results of the present experiment serve to confirm the view 
that 2-acetyl-amino-fluorene has a wider range of carcinogenic activity 
than any chemical thus far investigated and that the factors of species, 
strain and sex are of great importance in determining the site of ongin 
of the induced tumours (table VII). No satisfactory explanation of 
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Pio 1 — WhUo label male, treated for G5 
Below, tlvo fiqv.w.mous epvtUeUura of tUo fore 
etomaoh , abo\e, the glandular epitlieUum , nt 
the junction, numorou*! opitbehal pearls, winch 
appear to ho gastric glands undergoing squamous 
metaplasia X60 



Pia 2 — St rong A female, trcatctl for 05 
wceUs Pedunculated jw-pdloma of faro 
stomach arising close to jimctton with 
glandular portion X4 
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• A 4 per cent solution of 2 amino fluorene In acetone applied thrice weekly $ Sex of animals hearing tumours not stated 

t Site not stated except that one uas In cTciim } SHe not stated II Those are mico liable to deselop spontaneous mammary cancer 
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these differences is yet available. It had been thought that, as the 
mouse strains could be arranged in the same descending order of 
frequency with regard to both bladder and liver tumours (tables 11 
and m), the same hypothetical metabolite of 2-acetyl'amino-fluorene 
might be acting as the carcinogen as a result of spUtting in the hver 
and excretion in the urine. But when the results of Wilson et al. 
and of Bielschowsky are considered, it is seen that the former authors 
obtained frequent bladder tumours and rare liver tumours in their 
strain of rat, whereas the latter author obtained frequent hver 
tumours and no bladder tumours in his two strains of rat. It is 
notable that, as Wilson et al. found, the tumours of the urinary tract 
are confined to the bladder epithehum except in the case of one mouse, 
in which a carcinoma of the renal pelvis was present. The significantly 
higher incidence of bladder tumours in male mice is in keeping with 
what is known of the spontaneous disease in man. 

In view of the fact that CBA is the strain of choice for the induction 
of bladder tumours by acetyl-amino-fluorene, an attempt is in progress 
to induce bladder tumours in this strain with ^-naphthylamine, already 
known to be carcinogenic to the bladder of the dog. Although this 
experiment has been in progress for a period long enough to expect 
tumours to have occurred, provided the dosage has been adequate, 
the bladders have all been normal, though hepatomas have been of 
frequent occurrence (Armstrong, Bonser and Stickland, unpublished 
observation). This result is especially disappointing, as a small 
susceptible domestic animal is needed for the investigation of industrial 
bladder cancer. The place of 2-acetyl-amino-fluorene in relation to 
the experimental induction of bladder tumours has been discussed by 
Bonser (1947). 

In the report of a previous experiment (Armstrong and Bonser, 

1944) doubt was expressed as to whether the hepatomas occurring m 
CBA mice should be regarded as spontaneous or induced. From the 
incidence obtained in the present experiment and from the fact that 
similar tumours were found in other strains not liable to develop 
spontaneous hepatomas, they are now regarded as induced. There is 
a vast literature on the hepatomas induced by other chemical 
carcinogens, especially the azo- compounds (summarised by Kirby, 

1945) . These resemble in all respects the hepatomas described here. 

Bielschowsky (19446) induced cancers of the thyroid in female 

Wistar rats when he combined the carcinogen with goitre-inducing 
doses of aUylthiourea. Two cancers of the thyroid have been obtained 
in female mice treated with the carcinogen only and one colloid goitre 
in a female of another strain. Apart from this one example, 2-acetyl- 
amino-fluorene is not goitre-inducing. 

Keratinising squamous papillomas of the stomach as well as 
squamous cancers have been induced by feeding with other 
chemical carcinogens, notably 3 : 4-benzpyTene, methylcholanthrene 
and 1:2:5: 6-dibenzanthracene (literature reviewed by Beck, 1946). 





_"V 


Fio 4 — CBA femnlo mou<?o, trofitocl for 62 wcoKs Hi porijlastio l)lii(ldcr opitljelmm 
containing granular masses of melanin pigment X 400 
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The four papillomas described here remained benign during the 
period of the experiment. 

SaanrARv 

The results of administering 2-acotyl-amino-fluorene to mice of 5 
strains by the gastric route are described. Tumours were observed 
in the bladder, liver, breast, forestomach, thyroid, renal pelvis and 
female generative tract. Marked strain differences mth regard to 
bladder tumours, hepatomas and breast cancer were noted. A sex 
difference was observed in the incidence of bladder tumours but not 
of hepatomas. 

A summary of the results obtained by other workers, who 
administered 2-acctyl-amino-fluoreno to rats of various strains, and 
to fowls, is given in table VII. 
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Addendum. Since the present paper went to press, Dunning et al. hove 
described the induction of neoplasms in 50 female rats of 5 strains by feeding 
with acetyl-amino-fluorene. Liver lesions, including cirrhosis and benign and 
malignant tumours, were frequent in all strains ; bladder and breast tumours 
were infrequent. The authors conclude that in spite of the small number of 
rats employed real constitutional strain diflferencos in response to the chemical 
were manifested. 
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ATYPICAL AMYLOIDOSIS IN A CASE OP 
PLASi\IA-CELL SIYELOiMATOSIS 

John H. Poddek 

From the Shefield Royal HoapitaU and the 
Royal Salop Infirmary, Shrewsbury 

(Plates IX and X) 

The term atj'pical amyloidosis was used by Lubarsoh (1929) to 
connote instances of amyloidosis in unusual sites and occurring 
without obvious cause. In the cases which he described there was 
usually slight or no involvement of the organs usually affected with 
amyloid change, namely the liver, spleen, Iddneys and suprarenals, 
while such organs as the skin, heart, lungs, serous membranes, and 
skeletal and intestinal muscles were particularly involved. The 
amyloid occurred either in the form of localised tumour-like masses 
or as a diffuse generalised infiltration of the affected tissues. It 
appeared that no sharp distinction could be made between the 
generalised and localised forms, and sometimes the most extra- 
ordinary combinations would be found. 

At the same time Lubarsch attempted to classify the cases of 
atypical amyloidosis into three groups : (1) those involving mainly 
the skin and simulating scleroderma ; (2) those in which the dominant 
infiltration was in the muscles, simulating myatonia ; (3) those 

involving the tongue, simulating neoplasm. 

Pick (1931) pointed out that there seemed to be a systematised 
type of atypical amyloidosis characterised by amyloid maoroglossia 
combined with pseudo-myatonio stiffness of skeletal muscles and 
pseudo-sclerodermic hardening of involved areas of skin. 

Since 1929 various authors have described oases belonging mostly 
to groups 1 and 3 above, in which a nodular atypical amyloidosis was 
usually manifested by maoroglossia and in which no cause for the 
amyloidosis was determined (Paige, 1931 ; Perla and Gross, 1935 ; 
Eobertson and Brunsting, 1936 ; Parkes Weber et al., 1937 ; Barnard 
et al., 1938). In such cases the liver and other favourite sites of the 
disease were only little or not at all affected. Staining reactions for 
amyloid in some of these instances have been pale or faint, especially 
metachromatio staining, and from such results there arose a suspicion 
that a compoimd closely allied to but not identical with amyloid may 

J. PilH. BACT.— VOt. IIX 23 



30 


J. H. FODDEN 


have been present. The nodular character of the amyloidosis was 
hkewise remarkable. The form in which the tongue was chiefly 
involved has been given the name of the Lubarsch-Pick syndrome 
because of the attention wliich these authors drew to the pathological 
and clinical aspects (Parkes Weber et al.). 

It is noteworthy that a form of atypical amyloidosis may occur in 
association with multiple myeloma. In 1903 Parkes Weber reported 
on the association of amyloid deposits in the musculature of the 
tongue with difiuse plasma-cell myeloma of the bone marrow. His 
report was soon followed by that of Askanazy (1904), who described 
the local deposition of amyloid in the intestinal musculature in a case 
of plasma-cell myeloma. These were the first reported cases, in this 
coimtry and on the Continent, of this remarkable association. Since 
then a small number of similar cases have been recorded, mainly in 
Germany and America : British references have been scant. Magnus- 
Levy (1931) stressed the relatively frequent association of these two rare 
conditions and, in summarising the literature on this subject, collected 
thirty-five cases of amyloidosis complicating multiple myeloma. In 
ten of these, localised masses of amyloid simulated tumours. It is 
surprising that in a review of 425 cases of multiple myeloma, 
Geschickter and Copeland (1928) do not mention the association with 
amyloidosis, though Snapper (1943) gives it brief mention. 

One of the most striking featmes of amyloidosis occurring in 
association with multiple myeloma is its localisation. It may be 
generalised and found in almost every organ of the body, but more 
often it is localised in unusual sites such as the bone marrow, dura 
mater, abdominal wall, intestines, tongue and oesophagus, and in 
cartilage, coimective tissue and muscles in and around the larger 
joints. In these atypical sites it is sometimes deposited in large 
tumour-like masses (Moschcowitz, 1936-37). This is in marked 
contrast with the usual distribution of amyloidosis when associated 
with chronic suppuration. 

In myelomatosis, a localised massive deposit of amyloid within 
the muscular waU of the intestine has been found sufficient to cause 
intestinal obstruction (BeU, 1933). Robertson and Brimsting (1936) 
described the case of a man of 44 with amyloidosis of the tongue and 
amyloid nodules in the skin, oesophagus, stomach, small and large 
intestine and bladder. Mere traces were present in the Iddneys, liver 
and spleen. Marrow softening in a vertebra with an increase in 
plasma cells, however, was the only bony lesion found. Rosenblum 
and Kirshbaum (1936) described a case in which a tumour-like deposit 
of amyloid was found m the sternum, and areas of myelomatous 
bone marrow were seen on microscopic examination of the ribs. 
Unfortunately there was no post-mortem, so that the extent of the 
amyloidosis and the question of whether the joints or skeletal muscles 
were affected could not be determined. Rosenheim and Wright (1933) 
reported a case with tumour-like amyloid deposits in the bone 
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marrow, liver and spleen consequent upon multiple myelomata. 
Fishberg (1939), also, mentioned a similar case which he saw with 
Dr R. H. Jaff6. 

Case report 
Clinical history 

The patient, a man aged 58, was admitted to the Sheffield Boyol Hospital 
complaining of gradual loss of weight for about 18 months. Ho had sought 
no early medical advice as he had felt quite well. About 11 months before 
admission he complained of aching poms in the legs, but only when sitting or 
lying down. There soon followed similar pains in both arms, but hero the pain 
was continuous and was not aggravated by mo\'oment. Tlie pain spread 
downwards from the shoulders to the finger-tips and there was a sensation 
of “pins and needles” which could bo relieved by analgesics. For about 
8 months before admission he began to bo breathless on exertion and this 
gradually increased in severit 3 % Ho had been treated by his oam doctor with 
liver and iron for anaemia. Tliere was only slight improvement in health and 
gradual, increasingly severe loss of energy was his chief complaint. Appetite 
had been good until a few weeks before admission, but now food induced 
sickness and vomiting. Lately this symptom had been frequent and persistent. 
The vomited matter was sour*tasting, dark bro\\'Ti fluid. During the time that 
these sjTnptoms were at their peak he noticed a painless swelling, which 
gradually increased in size, on the front of his chest. 

Ho had frequently passed dark brown or black stools, and had suffered 
occasional attacks of diarrhoea. Micturition was normal. Ho was a moderate 
smoker and beer-drinker. 

On examination he was an emaciated elderly-looking man with a moist 
skin and cachectic yellowish pallor of the face ond conjunctivas. His tongue 
was clean and moist, there were no enlarged veins In the nock and tlie trachea 
was central. There was no lymph-node enlargement. Tliere was a solid 
L-shaped swelling firmly adherent to the upper third of the sternum, 
opproximstoly inches long by 2| inciies broad. 

The arm and leg muscles were wasted, but tone and muscle power, and 
superficial and deep reflexes were normal ; there was no oedema. The pulse 
showed no abnormality of rate, rhythm, volume or tension. The blood pressure 
was 120/70 mm. Hg. There was no cardiac enlargement or mediastinal devia- 
tion. There was a blowing systolic murmur at the apex and many coarse rales 
and rhonchi wore heard over both lung bases. There was slight splenomegaly 
but the liver and kidneys were not palpable. There was no ascites. 

Vomiting became persistent and troublesome and there were several small 
haimatemeses. Dyspnoea became severe and the patient’s pallor and sweating 
increased, and despite repeated small transfusions of blood ho died 9 days after 
admission. 

A previous aspiration biopsy of the lump on the sternum had shown it to 
be a plasma-cell tumour (fig. 1). 

A blood coimt on admission showed Hb. 48 per cent., K.B.C. 2*7 million, 
C.I. 0-9, W.B.C. 9000. A differential count showed promyelocytes 1, myelocytes 
8, metamyelocytes 16, neutrophil polymorphs 37, lymphocytes 39 per cent. 
No plasma cells were seen. Tliere were 2 normoblasts per 100 white blood cells. 

Post mortem findings 

The mouth was edentulous but otherwise normal. There was no 
thickening of the bones of the skull or jaw. There was sh'ght thickening 
of the left shoulder joint, but none of any other joint. 
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The abdomen contained no free fluid. There was gross distension 
of the ascending part of the duodenum and whole of the jejunum. 
The dilatation then decreased fairly shaip)!^’- although there was no 
evidence of torsion or constriction. The wall of the affected gut was 
thickened and felt like wet wash-leather. There were numerous 
irregular shallow ulcers in the mucosa, situated mainly transversely 
both along the crests of the villi and in the depressions between 
them. They had slightly undercut edges and showed no obvious 
predilection for the lymphoid follicles. The serosa was rather dull, 
opaque bluish grey and showed no visible tubercles. The lower ileum 
appeared normal apart from slight congestion of Peyer’s patches. 
The colon was full of tarry blood but was otherwise normal. Tluough- 
out the body of the stomach were a few minute shallow acute ulcers. 
These were also present in the duodenum just distal to the pyloric 
sphincter. 

There was no enlargement of the mesenteric, portal or para-aortic Ij-mph 
nodes. The spleen was rather large and there was patchy “ sugar-icing ” of 
its capsule. The cut surface was an even pinkish grey, and there were numerous 
pin-point red pimcta throughout the pulp ; the malpighian bodies were not 
visible. Both adrenals were bulky, with an abundant watery cortex and 
meduUa ; cortical lipoid was absent. There was no thrombosis of the superior 
mesenteric artery or portal vein. The kidneys showed a pale yellow cortex. 
The liver was pale and the trabecular pattern was marked by pale bulging 
periportal trabeculse and sunken pink intervening areas. The bladder and 
prostate showed no abnormality. 

The heart showed slight left ventricular hjrpertrophy. There was faint 
nodular fibrous thickening of the angles of the mitral valve and a sessile 
vegetation O-l cm. in diameter was situated on the left border of the posterior 
cusp. The aorta and coronary arteries showed negligible atheroma. There 
was a scanty clear effusion in both pleural cavities. The lungs, which were 
bulky, showed advanced bronchopneiunonio consolidation of the whole of the 
right lower lobe and patchy early bronchopneumonia of the left lower lobe. The 
upper lobes were oedematous. The th3rroid was small and pale. There was no _ 
enlargement of the hilar and aortic lymph nodes. 

The whole of the manubrium stemi was enclosed within a 
completely patternless fleshy tumour up to 1'5 cm. thick, which 
had invaded the periosteum but not apparently the cortex. The 
medulla contained creamy purple marrow and similar marrow was 
present in the vertebral bo^es and upper third of the right femur. 
There were no localised thickenings along the ribs. There were 
small sub-periosteal nodules of pale growth in the pelvic rami and the 
acetabula were so soft that they could be cut with a knife. The 
trabecular bone was here replaced by rather gelatinous tissue and 
there was consequent curving of the lateral pelvic walls due to the 
upward pressure of the femora. 

The swelling of the left shoulder was caused by large masses of 
ill-defined soft white tissue like fish flesh which was closely mfiltrating 
the tendons, muscles and joint capsule of the shoulder. Similar 
material surrounded the tendon of the psoas magnus muscle on both 
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sides as it crossed the pelvis, and the lower part of tliis muscle was • 
pale hrown and oedematous. 

The brain appeared normal apart from some adherent ante-mortem 
clot in the right transverse sinus. 


Histological findings 

Sections of neatly all the organs were stained with hmmato.vylin 
and eosin, htCniatoxylin and van Gieson, methyl violet and Congo 
red. Amyloid, when present, was easily identifiahle in H. and E.- 
stained sections, but excellent staining of this material was obtained 
with Congo red (fig. C), whether the amyloid was present os a diffuse 
infiltration of muscles and connective tissue or ns discrete nodules. 
The metaohromatio stain showed up the nodular amyloid deposits 
clearly but stained the more diffuse ones only faintly. 

Jejunum and ileum showed gross amyloid change in the vessels 
(fig. 7) and in the submucosa and inner muscular layer, and there 
was amyloid infiltration with fibrosis of the outer muscular layer. 
The large intestine showed amyloid change in the vessels of the sub: 
serosa : there was fibrosis of the muscularis and homogeneous 
amyloid substance was present in the serosa. The lungs showed 
amyloid change in the pulmonary arteries (fig, 8) and inter-alveolar 
septa ; there was a coexisting bronchopneumonia. The heart muscle 
showed two distinct features. There was om}’loid infiltration of the 
media of the coronary vessels (fig. 4) causing obliteration of their 
lumen, which in turn had led to myocardial infarction. The more 
striking change was complete replacement of cardiac muscle bundles 
by discrete nodules of amyloid (fig. 3), having apparently no direct 
contact with vessels. The mitral valve cusps showed many large 
discrete amyloid nodules (fig, 0), 

The “ fish flesh ” appearance of the voluntary musde was caused 
in part by amyloid replacement of bundles of muscle fibres, in part 
by infarction, as many of the vessels were obliterated by amyloid 
deposited within their media and intima. The connective tissue and 
joint capsule from the shoulder showed masses of amyloid (fig. 2) 
and a tendon which was examined histologically showed notable 
mfiltration (fig. 6). The sternal tumour vras composed of polygonal 
plasma cells within a loose vascular not (fig. 1). The femoral marrow 
showed masses of plasma cells. 

Uver, spleen and kidneys showed no amyloid apart from slight and 
rare involvement of the portal vessels. Bladder and prostate showed 
no amyloid, and it was detected in only very small amount in the 
suprarenal vessels. The pancreatic, hilar and inguinal lymph nodes 
were unaffected. The pituitary gland and cerebrum were normal. 
There was no amyloid in the walls of the stomach or duodenum, 
though the latter showed patchy interstitial fibrosis of the muscular 
coat. 
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Discussion 

There are many more cases of atj'pical amyloidosis -ndth no dis- 
coverable cause than eases showing an associated myelomatosis. 
Rosenblum and ICirshhamn, however, were of the opinion that a 
number of cases in wliich no cause for the amyloidosis can be found 
may show on closer inspection an underlying myelomatosis of the 
bone marrow. In their article on two cases of atypical amyloidosis 
Barnard et al, unfortunately furnish no report on an eicaminatioii 
of the skeleton or on the state of the bone marrow, and in the light 
of previously published cases their statement that nothing is known 
as to any factors which may influence the development of atypical 
amyloidosis is not strictly correct. It is probable that some at least 
of the aches and pains around the joints and in the muscles in cases 
of myelomatosis may be attributable to amyloid infiltration of the 
joint capsules with involvement of joint spaces as described by 
Magnus-Levy. Yet these symptoms are often present, sometimes to a 
severe degree, without evidence of joint involvement (Geschickter 
and Copeland, 1931). Moschcowitz, however, discusses the not 
infrequently reported association of a chronic deforming arthritis 
with atypical amyloidosis. 

Magnus-Levy maintains that the most obvious source for both 
amyloid and Bence-Jones protein is the hone marrow. This tissue is 
also responsible for the occasional occurrence of the high blood protein- 
euglohulin ratio foimd in myelomatosis. The assumption is that this 
protein may arise from destruction of the marrow by myeloma cells, 
with consequent release of much marrow protein. Bence-Jones 
proteinuria has, however, been absent in more than half the reported , 
cases of associated atypical amyloidosis and myelomatosis. Experi- I 
mentally the conversion of Bence-Jones protein into amyloid material u 

by prolonged injection of this protein into the tissues of animals has | 

not been possible. The detection of amyloid in tissues is almost j 
entirely Mstochemical and depends upon the reaction of the substance ] 
to a metachromatic stain such as methyl violet or crystal violet, and | 

to iodine and congo-red. Apparently amyloid is not always uniform j 

in chemical composition, which may explain some of the bizarre i 

staining reactions in atypical amyloidosis. 

Summary 

A new case of the rare systemic amyloidosis is described in which | 
amyloid is deposited in a niunber of unusual sites. The orgaM chiefly I 
affected were the heart, the smooth muscle of the small^ intestine, | 
and the muscles, connective tissues and serous membranes in relation | 
to large joints. Both nodular deposits and diffuse infiltration were | 
present. In this as in some other reported cases, the atypica | 
amyloidosis was associated with plasma-ceU myeloma, in this instance | 
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in the sternum and pelvis. Satisfactory iiistological staining of the 
amj'loid was given with all the specific stains, though mctachromatic 
staining showed best in the nodular lesions. 

I wish to express my indebtedness to Dr H. J. Barrie, pathologist to 
the Sheffield Royal Hospital, for the post-mortem and histological data 
of this case; to Dr T. E. Gumpert, hon. physician to the Sheffield Royal 
Hospital, for the clinical details, and to Messrs D. Brndey and G. S. English 
for their histological and photographic services. 
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ON THE USE OF TISSUE-FREE aiEDIA FOR THE 
PREPARATION OF BLAGKQUARTER VACCINE: 
(I) CYSTEINE HYDROCHLORIDE BROTH: (II) 
ACID DIGEST OF LIVER AND JIEAT 

V. R. Rajagopalan 

Imperial Veterinary lieseardt Institute, Mukteswar-Kuntaon, India 


ImnnnSATiON against blaokquartcr witii preparations of spore cultures 
in the form of dried and heated muscle pulp from an infected calf, 
and with natural and artificial aggressins, has given place in recent 
years to immunisation with formalin-treated cultures. Tliis method, 
first introduced by Leclainche and Vallfe (1025), and advocated by 
M’Ewen (1920), Karmann (1927) and others, has become the standard 
method of immunisation against the disease in many parts of the 
world. The immunity established is both antibacterial and antitoxic 
and is far superior to that established by means of natural or artificial 
aggressins. 

To ensure massive grou'ths for the purpose, use has been made of 
glucose broth containing pieces of autoclaved meat, pieces of sterile 
tissue or heart muscle of an inoculated guinea-pig (Cordier, 1926). 
These methods have the disadvantage that particles of the tissue 
used for creating anaerobiosis become mi.\ed with the bacterial 
suspension. M’Ewen used diffusion shells containing minced liver 
in conical flasks of sucrose broth, and Sheather (1928) replaced the 
diffusion shells by porous porcelain cells. Among methods for pre- 
paring tissue-containing media, M’Ewen’s procedure and Sheather’s 
modification of it are the best for obtaining growth free from tissue 
particles. Among methods dispensing with the use of tissues, the 
catalytic device of McIntosh and Eildes (1916) is efficient with agar 
slants and plates and with small volumes of liquid media, but it is 
less useful for bulk preparation of vaccine. The central catalysing 
plant advocated by Boez (1927) for growing anaerobes in a series of 
containers may be more useful for this purpose. Certain chemical 
substances have also been used to replace animal tissues in producing 
anaerobiosis. Reduced iron (Scott and Brandly, 1933), sodium 
hydrosulphite (Aristowsky and Minkowitsoh, 1934-35) and lermlinio 
acid all have reducing action. Certain substances containing a 
sulphydryl group, such as cysteine, glutathione and tliioglycolic 
acid, are also powerful reducing agents. Ehrismann (1936) showed 
that ascorbic acid (vitamin C) can bring about growth of anaerobes. 
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But the literature dealing with chemical reducing agents in the 
growth of anaerobes is mainlj- academic. Except perhaps for sodium 
thioglycolate (Brewer, 1940) chemical reducing agents have not been 
used extensively for routine cultivation of anaerobes or bullr production 
of anaerobe vaccines, 

PART I, CYSTEINE HYDROCHLORIDE BROTH 

Hosoya (1925, quoted by Erei and Hall, 1931) demonstrated the 
use of cysteine for growth of anaerobes, and Prei and RiedmuUer 
(1930-31) and Prei and Hall have grown anaerobes in solid and liquid 
media containing 0-3 per cent, cysteine hydrochloride. This medium 
is successful because the — SH group in cysteine has reducing properties 
capable of yielding a high reduction potential uninfluenced by the 
presence of its oxidised -S-S-form. The experiments described in this 
section concern the use of cysteine as reducing agent in media for 
routine production of blaokquarter vaccine. 

SIethods 

Relatively high concentrations of cysteine hydrochloride render broth very 
acid and also turbid. A 12-5 per cent, solution of cysteine hydrochloride is 
neutralised by an equal volume of N.'NaOH and the turbidity also disappears. 
For convenience, a solution of cysteine hydrochloride of known strength was 
sterilised by candle filtration and kept in a McIntosh and Fildes’s jar under 
anaerobic conditions for addition to media as required. Such a solution retains 
its full reducing properties for a long period. Normal solutions of sodium 
hydroxide are usually sterile a few das^ after preparation, but such solutions 
were usually autoclaved and sealed with paraffined plugs. To prepare the 
medium, the cysteine solution and an equivalent quantity of NaOH were 
added to the broth. Sometimes a mixture of equivalent proportions of cysteine 
hydrochloride and NaOH solutions was added to media, the two solutions being 
autoclaved before or after mixing. Frequently, the required percentage of 
cysteine hydrochloride was added to broth, which was then adjusted to the 
required pH by addition of NaOH as usual and finally sterilised by heat. 


EXPERDIBNTAIi RESULTS 

Goncentration of cysteine hydrochloride for growth of Cl. chauvoei 

Expt. 1 . Nine c.c. amounts of 1*0 per cent, glucose broth 
containing 0-05, 0-02, 0-01, 0-005, 0-002 and 0-001 per cent, respectively 
of cysteine hydrochloride were tubed. Duplicate tubes had a layer 
of paraffin. Two strains of Gl. chauvoei were used as seed, namely 
no. 14, an avirulent, and no. 26, a virulent strain, one drop of meat 
culture being seeded to each tube. Growth was read at 24 hours 

(table I). . . 

Expt, 2, Cysteine hydrochloride was added to broth, wnh or 

without glucose, to final concentrations of 0-01, 0-025, O-Oo and 
0-075 per cent. The pH was adjusted to 7-0. Ten-c.c. quantities 
of the media were sterilised at 120° C. for half-an-hour. When cooled 
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to room temperature, they were seeded ivith one drop of 18-hour 
meat culture. Tlrree strains of Cl. chauvoei and one strain of CL 
seplicxm were used ; readings were made after 24 liours (table II). 

Table I 


Minimal effective concentration of cysteine hydrochloride in 
glucose broth for growth of CL chauvoei 



Final concentration of cssteJne hrdrochloiidc (per cent ) 

* Cjstcine neutralised 

Strain 

before stcrili^tlon 

otter eterlllsatlon 


0 03 

0*02 

0 01 

0*005 

0*002 

0-05 

0 02 

0 01 

0 005 

0 002 
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4 - =» growth ; — = no growth. 

In seriea (P) the rnedium was covered by liquid pamflln. 

* The et«rlll3cd cfst^lne was added to sterile medium In the Anal sta^. 


Tadub II 


jilinitnal effective concentration of cysteine hydrochloride in 
broth and glucose broth 


Strain 

Final concentration of crstclso hydrochloride (per cent ) 

0 075 

0 05 

0 025 

0 01 

chauvoei 44 . . . 


± 



(G) 


•f 

- 

- 

„ 45 . 


+ 




(G) 


4* 
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„ 20 . 
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(G) 


4* 
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- 

septicum .... 


+ 

± 


(G) 


+ 

+ 



-f- = profuse growth ; ± 6= moderate gro\rth. 

In senes (G) the broth contamed I’O per cent, glucose. 


Expt. 3. To fiscertain if growth was proportional to the amount 
of cysteine added, the growth was quantitatively estimated. Tliirty- 
&ve-c.c. quantities of ordinary broth and of 0‘S per cent, glucose 
broth containing different concentrations of cysteine hydrochloride 
were made. The was adjusted (in most cases) to 6-8. Tubes were 
sterihsed at 120° C. for half-an-hour and sown with 0-5 o.o. of meat 
culture of 01. chauvoei 44 soon after cooling. The quantity of growth 
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after 48 hours was ascertained by weighing the centrifuged dried 
deposit (table III). 

Txbze m 


Amount of growth in relation to concentration of cysteine hydrochloride 


Medium 

Concentration of cysteine hydrocWoiide (per cent.) 


0-2 

O-I 

005 

0*025 

00125 

Broth pH 6*S . 

7*5 

4.3 

3*9 

(2*4, 2*2) 

5*8 

ve 

0*5 per cent, glucose broth pH 6*8 

14*4 

18*7 

17*1 

(14*3, 14*1) 

16-7 

15-5 


Figures show dry -weight of bacterial substance in njg. 

Figures in brackets show dry weight of bacterial substance when the p3 was 
7-2 and 7-8 respectively. 


With the inoculum used,' the least concentration of cysteine 
hydrochloride which could be relied upon to support growth of 
Cl. chauvoei under aerobic conditions was 0-05 per cent. With 
increasing concentrations of cysteine the resulting growth was 
greater, but with added glucose, within the ranges tried, the con- 
centration of . cysteine hydrochloride made no difference to the 
quantity of the feal growth. 

Optimum pH of cysteine hydrochloride broth 

Broth containing cysteine hydrochloride at 0-05 and 0'075 per cent, 
was set at different levels of pH. The medium was autoclaved and 
used fresh. Media with a pH of over 7*2 usually showed a deposit of 
phosphates. If this happened, every lot of medium in that experiment 


Table IV 

Optimum pH for growth of Cl. chauvoei in 0*075 per cent, 
cysteine hydrochloride broth 


Strain 

j)HC-0 

6-2 

6-6 

7*4 

7-6 

6-0 

— 

44 


++ 


+ 

4" 

tr 

45 

+-}- 

+ -{- 

+ +-1- 

-f 

+ 

tr 

26 

++ 

+ + 

+ + 


+ 

tr 

20 

+ 


4- 

-h 

tr 

tr 1 

12 


4--h 

++ 

++ 

4" 

1 


Growth estimated by visual examination after 8 hours at 3 / ° C. ; tr, etc. degree 
of growth. 


was filtered and autoclaved a second time before being seeded from 
a 24-hour meat culture of one or more strains of 01. chauvoei. ^ ® 
degree of growth was judged either by opacity after a short incu ation 
or by weighing the dried centrifuged deposit, usually after a oog 
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incubation. Sample results in tables IV-n show that the most 
favourable pB. for Cl. chauvoei is about 6-8. However, it was found 

Table V 

Optimum pH of 0*05 per cent, cysteine hydrochloride broth autoclaved 
at 120® C. for half-an-hour 


Initial pH of modiiun . 

0-2 

G'C 

7*2 

7-4 

7-7 

Visual examination 

+ 

+ + + 


"f 

— 

Nephelometer reading . 




1-5 

wn' 

Dry wt. (mg.) from 20 c.c. culture . 

1‘5 



0*4 


Final pH of medium 

C-l 

6-5 


7-4 



Readings after 12 hours at 37* C. 

— =3 no growth; 4-» = increasing degrees of growth. 


Table VI 

Optimum pH for growth of Cl. clmuvooi m 0*05 per cent, 
cysteine hydrochloride media 


Broth .... 

pH 

6*3 


0-8 

7-1 

7-5 


110 

17-9 

15*2 

13-fi 

13-3 

Glucose broth . 

pH 

0-2 

0-4 

C'C 

0-8 

7-0 


45*2 

45-5 

42-0 

CO-5 

05-8 • 


Figures show dry weight in mg. of bactorio obtained after 48 hours at 37® C. from 
120 e.c. of culture. 


in earlier experiments that growth will take place even in extreme 
alkaline ranges in a sterile medium containing an excess of cysteine 
hydrochloride (0-3 per cent.) to which glucose is subsequently added. 

Effect of different grades of heat on cysteine hydrochloride in broth. Froi and 
Hall stress the need to avoid changes in the composition of the cysteine through 
overheating. The effect of the following temperatures was tried : no heating, 
100®, 105® and 120® 0. 

A 5 per cent, solution in water of cystoino hydrochloride at pH 0*8 was 
sterilised by filtration and 0*4 c.o. amounts were added to each of four 39‘G c.c. 
quantities of broth at pH 6-8 to yield a final concentration of 0*05 per cent. 
The first lot was unheated ond the other three were heated at 100®, 105® and 
120® C. for one hour, 30 minutes ond 30 minutes respectively. 'VVljen cool, 
each lot was seeded with 0-25 c.o. of supernatant of a meat culture o(Gl. chauvoei. 
After 48 hours’ incubation growth was ascertained os drj' weight of bacterial 
substance (table VII). 

Table VU. 


Amount of growth of Cl. chauvoei in ration to temperature of sterilisation. 


Sterilbatlon by 

SUratlon 

100* C. for one tour 

105“ C. for SOJoIna. 

120* C. for 30 mins. 

5-9 

4-0 

5*8 

4-7 


Figures show weight in mg. of dry bocterial substance from 40 c.c. cysteine medium 
after 48 hours at 37® C. 
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Growth in the different iots was about the same and within the.raneo of 
possible experimental error. Heating had no detrimental effects on cysteine 
under the conditions of the experiment. 

Effect of heat on cysteine hydrochloride in broth at different H-ion concentrations. 
It was desired to ascertain if the selective range about 6-8 was an expression 
of optimal requirements or was due to loss of reducing property of cysteine 
hydrochloride when heated at other ranges of pH. Twenty-five-c.c. lots of 
0-06 per cent, cysteine hydrochloride broth were adjusted to pH 3, 4, 5, 6, 7, 8 
and 9 respectively. On heating at 118° C. for half-an-hoin, media at pH S, 
4, 8 and 9 became turbid, those at 6, 6 and 7 remained clear. The pH of every 
lot was now adjusted to 7 by adding requisite quantities of HCl or NaOH. 
On neutralisation, media originally at pH 8 and 9 cleared ; those at 3 and 4 
still remained slightly opalescent. The media were again heated at 118° C. 
for half-an-hour and after cooling sown with 0-2 c.c. of an 18-hom- meat culture 
of Cl. chauvoei. There was growth of the same degree in all the tubes 14 hours 
later. Thus under the experimental conditions cj^steine hydrochloride did not 
lose its reducing power when heated at different pH levels. 

Addition of glucose. Broth containing 0-05 per cent, cysteine hydrochloride was 
adjusted to pH 6-8 and glucose was added to 35-c.c. quantities to give concentra- 
tions of 0-0, 0-5, l-O and 2-0 per cent, respectively ; the media were heated at 
120° C. for half-an-hom- and growth of Gl. chauvoei at 48 hours rvas estimated as 
dry weight of bacterial substance (table VUI). There was a threefold increase in 

Table VIH 

Addition of glucose to 0>06 per cent, cysteine hydrochloride broth, pH 6-8 


Added glucose (per cent.) 

nil 

0-5 

1-0 

2-0 

6-5 

18-7 

18-5 

19-0 


Figmes show weight in mg. of dry bacterial substance from 35 c.o. culture after 
48 hours at 37° C. 


groudh when 0-5 per cent, glucose was added. Hjgher concentrations of 
glucose did not increase growth. The final pH in all lots containing glucose 
was 6-3, indicating that growth of Cl. chauvoei ceased at this pH without 
further utilisation of glucose. Fractional addition of alkali during incubation 
might of coxuse promote continued growth. 

JLeeping quality of cysteine hydrochloride broth. Three 200-c.c. lots of broth 
were filled into conical flaslrs and heated at 120° C. for half-an-hoiw. Hie 
first lot contained 0-05 per cent, cysteine hydrochloride, the second 0-5 per cent, 
glucose, and the third both reagents in the concentrations stated ; the pH was 
6-8 and the flasks were left in the incubator until required. The longest time 
after its preparation that the medium will support growth of Cl. chauvoei was 
noted in fom- experiments. 

Cj-steine broth alone supported growth only if used fresh. With gluco 
added, it was useful for 24 and sometimes 48 hours. With added cysteme an 
glucose, the stored broth could be regenerated up to at least 5 days by hea mg 
it at 120° C. for half-an-hour immediately before use. Broth containing gluco- 
alone never supported growth. It is interesting that ® .i 

could not support growth, could augment the growth value (tables lU, 
mi) as well as the keeping quality of cysteine media. 
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Potency of anacitJhtre and toxoid prepared b\j mixing^ cysteine 
hydrochloride cxdtures of Cl. chauvoei and Cl- sopticum 

As a medium for anaculture, 0-05 per cent, cysteine hydrochloride 
in 0*5 per cent, glucose broth was adjusted to pH G‘8 and lieated at 
120° C. for half-an-hour. In preparing anaculturo at this Institute 
it lias been the practice to mix 2-day and 14'day Noguchi cultures of 
Gl. chauvoei (two strains) and Gl.*scpticuin (two strains) with the 
intention that the product should be polyvalent, antibacterial and 
antitoxic. 

Proceeding in tlio same way %nth the experimental glucose-cysteine 
medium, it was desited to ascertain : (o) if there was any difference 
in the potency of the product from 2- and 14-day growtlis, and (6) if 
a laj’^er of paraffin would alter the potency of the products. In both 
cases, at the stated times, formalin was added to a concentration 
of 0'3 per cent, and the cultures were left at 37° C. for a further 
24 hours. The same four strains were used so that the cysteine 
medium might be compared \vith the routine Noguchi medium. After 
incubation for the stated times, portions of tho forraolised product 
were filtered to constitute toxoids. 

Two liill bulla and one guinea-pig were vaccinated with each 
product, the doses being 5-0 c.o. for bulls and 2-0 c.c. for guinea-pigs. 
After 14 days, the animals were tested with a mixture of the four 
strains, bulls being given 50 m.l.d. and guinea-pigs 300 m.l.d. (table IX). 

Tabi;b EC 


Protective value oj Cl. chauvoei and CU sepfcicum anacuUures and toxoida 
from cysteine hydrochloride glucose broth 


Vaccine 

Pays grown 

Paraffio 

layer 

Bulls 

(50 m I d ) 

Gulnca-plgs 

(300m Id)* 

(30 zn I d ) 

Anaculture . , 


Yoe 

0/2 

212 

oil 

Toxoid 



1/2 

2/2 

0/2 

Anaculture . 


No 

0/2 

2/2 

0/2 

Toxoid 


M 

Oil 

2/2 

0/2 

Anaculturo . 

14 

Yea 

Oil 

2/2 

0/2 

Toxoid 

14 

M 

Oil 

2/2 

0/2 

Anaculturo . 

14 

No 

Oil 

lyio 

0/2 

Toxoid 

14 

r* 

0/2 

2,2 

0/2 

Unvacemated 

... 

t 

2/2 

2/2 

2/2 


Numerator » no. dted. 
Donoininotor = no. teatod. 


* All -vaccinated gulnea.plgs tested irlth 900 mid survived for more tlisn 23 hours, whereas both 
uoraccinated controls tested with the same dose died In less thau 14 hours. 

Both anaoulturcs and toxoids were found to be safe for the 
experimental animals. Potency tests in bulls showed that the 
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anacultures and* toxoids were equally efficacious, except possibly the 
toxoid from the two-day culture under paraffin. Fifteen of the 16 
vaccinated bulls survived, wliile two control bulls died. In guinea- 
pigs, the results with 300 m.l.d. were uniformly bad, probabty because 
this dose of test culture was too large. But whereas the control guinea- 
pigs died within 14 hours, all the vaccinated lived be3mnd 28 hours, 
suggesting a certain degree of protection. The test in guinea-pigs 
was therefore repeated, each animal receiving 2-0 c.c. of the product, 
which was followed in 14 days by a test dose of about 30 m.l.d. The 
result (table IX, last column) supports the finding for bulls and shows 
that the anacultures and filtrates were equally efficacious in protecting 
guinea-pigs against mfection with certainly lethal doses of test culture. 
In our experience, natural aggressins and toxoids of Cl. chauvoei alone 
are less useful. 

Potency of Cl. chauvoei anacuUure and toxoid prepared in 
cysteine hydrochloride broth 

It was surmised that the immunising property of the toxoids in 
the last experiment was due to the Cl. septicum toxoid, because Mason 
(1936) has shown that this toxoid can protect sheep against lethal 
doses of Cl. chauvoei. It was considered advisable, therefore, to test 
whether in cysteine medium sown with chauvoei sufficient toxin would 
be formed to produce a toxoid protecting against chauvoei. 

Cysteine hj^drochloride glucose broth as used in the last experiment 
was put up in three conical flasks in 50-c.c. quantities. As soon as 
the medium had cooled to room temperature, each flask was sown 
with 1-0 c.c. of a 24-hour meat culture of a virulent strain of Cl. 
chauvoei. One flask was formolised (0-3 per cent.) after two days’ 
incubation and another after 14 days. After addition of formalin, 
the flasks were left at 37° C. for a further 24 hours. A portion of the 
contents of each flask was then filtered through a Berkefeld-X candle. 
A third flask sown with a heavy inoculum was formolised after 
12 hours’ growth in order to ascertain if there was any virtue in using 
a young culture, as with certain other bacterial vaccines. Groups of 
8-16 guinea-pigs were given 1*0 c.c. of anaculture or 3-0 c.c. of toxoid. 
The animals were tested for immunity after 18 days with what was 
ascertained to be a lethal dose of calcium chloride suspension of 
washed spores of Cl. chauvoei. There was no sigmficant difference 
in the mortality rates between the control group and the groups 
previously treated with filtrates ; but the difference between the 
control group and the groups treated with anaculture was highly 
significant (table X). Thus chauvoei filtrates had no detectable 
protective properties. On the other hand, anacultrues whether from 
12 hours’, 2 days’ or 14 days’ growth were efficient immunising agents. 
This is in agreement with Henderson (1932), who showed that somatic 
antigens plaj’’ the major part in chauvoei immumty. It is prefera e, 
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however, to use a 48-hour rather than a 12-hour culture, since growth 
is much more abundant at 48 hours. 

Table X 

Protective value of Cl. chftuvoei anacullure and toxoid prepared from 
cysteine hydrochloride cultures incubated for varying times 


Vaccine 

Incubation for 

QuInea-pIffS 

Anaculture 

12 hours 

0/8 

„ ... 

2 dAj's 

0/1 G 

„ ... 

1-1 M 

0/10 

Toxoid .... 

2 

4/8 

Unvaccinoted . 

H „ 

4/8 


4/8 


Numerator = no. died. Denominator = no. touted. 


DisonssroK 

For manufacturing blackquarter vaccine, there are obvious 
advantages in the use of a cysteine medium : it is clear, it can be 
sterilised in the final stage and it involves no handling beyond that 
required for bottling. 

It is advantageous to use a mixed chauvoei and seplicum anaculture, 
because it confers greater immunity than anaoultures of Cl. chauvoei 
alone. It is also an advantage that the same vaccine can be used for 
sheep, in which Cl. seplicum plays a predominant role. 

Cysteine hydrochloride is now sold in India at Rs. 150 per lb. 
At first sight it may appear that cysteine vaccine is more costly than 
that made from Noguchi medium, but on calculation and making all 
allowances this is found not to be the case. 

SuiniARV OF PAKT I 

(1) The lowest concentration of cysteine hydrochloride that could 
be relied upon for aerobic growth of Cl. chauvoei in broth in conical 
fiasks was 0-05 per cent. Growth was improved by the addition of 
0-5 per cent, glucose. 

(2) The optimum pH was 6-8, though growth would also take place 
in a slightly alkaline medium. There was no growth in a medium 
more acid than pH 5-6. 

(3) Growth was equally good whether the medium was sterilised 
by filtration or by heat at 100-120° C. The usefulness of the medium 
was not reduced by heat sterilisation rvitliin a pH range from 3 to 9, 
provided it was finally adjusted to about pH 6-8. 

(4) Cysteine hydrochloride broth must be used fresh, but if glucose 
is also present the medium is suitable for growth within at least the 
first 24 hours after preparation. Also, ej'^steine broth containing 
glucose could be regenerated within at least five days of its preparation 
by heating for half-an-hour at 120° C. just before use. 
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(5) AnacuJtiires of Cl. cJiauvoei prepared from cysteine hydro- 
chloride glucose broth are equally potent whether collected from 
12-hour, 2'day or 14-day cultures. It is preferable, however, to use 
cultures two days old. Chanvoei toxoid alone has no appreciable 
protective properties, but if mixed with septicum toxoid it confers a 
high degree of immunity. 

(6) The following procedure for preparing blackquarter vaccine 
from cysteine hydrochloride broth is recommended. Broth contaim'ng • 
0-5 per cent, glucose and 0-05 per cent, cysteine hydrochloride is 
adjusted to pH 6-8, filled into conical flasks to near the neck, heated 
at 120° 0. for half-an-hour and sown soon after cooling with a 
1 per cent, inoculum of Cl. cJiauvoei from an 18-hour meat culture. 
After 48 hours’ incubation, an anaculture is prepared by the addition 
of formalin to a concentration of 0-5 per cent, and leaving the culture 
a further 24 hours at 37° C. It is preferable to add an equal volume 
of septicum anaculture prepared in the same manner. 


PART ir. ACID DIGEST OF LIVER AND MEAT 

Less fastidious anaerobes such as Cl. septicum and Cl. tetani have 
been grown in relatively simple media such as glucose broth under 
a paraffin layer. It is well known that Cl. chauvoei will not grow in 
any such media. 

It has been a general experience that by substituting fiver extract 
for ordinary broth or pieces of fiver for minced heart in Robertson’s 
meat medium a more profuse growth of anaerobes is usuafij' obtained. 
It was thought that this was perhaps due to the higher liver content 
of glycogen and perhaps of sulphur-containing proteins which may 
yield active -SH groups. But since a simple fiver extract did not 
support growth of Cl. cJiauvoei, experiments were undertaken with 
fiver digests. It was anticipated that some of the amino-acids released 
from the proteins by hydrolysis would contain sulphydryl groups, 
which are linown to be powerful reducing agents. Ox fiver suspended 
in twice its weight of water was therefore subjected to digestion with 
a commercial pepsin at 56° C. for 5 hours at pH 2-0 and to tryptic 
digestion according to Hartley (1922). The media were finallj^ set at 
pH 6-8, and it was fotmd that Cl. chauvoei had grown in the peptic 
but not in the tryptic digest. At the same time, it was noticed that 
the fiver particles in the peptic-digest flask were little disintegrate 
and it was then found that the pepsin in use had become entire y 
inert ; hence it was concluded that a simple acid digest of fiver worn 
be a good medium for growing Cl. chauvoei. 


jMethod or pEEVABrs-G THE ACID -DIGEST 

One kg. of minced tissue, 2 litres of water and 80 c.c. of IO N. 
acid were left to digest at the required temperature (56° or 100 C.) for the d 
period. The vessel was then placed at room temperature ovemignt a 
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morning adjusted to pH. 0*0 by the gradiia} addition of 10 N. aUmli* This 
usually required about tho samo volume of alkali ns of acid used for digestion. 
Tlie pH was carefully checked during tho addition of tho last fifth of tho alkali 
so that tho pH should not go beyond 6*0. Tho medium was then steamed for 
10 minutes and filtered through paper. Tho clean filtrate was adjusted to pH 
6-6-C‘8, distributed into conical flasks or large test-tubes (22 mm. diameter) 
ns desired and steam-sterilised for an hoiu*. The supernatant of an overnight 
meat culture serially diluted in saline was used for seeding. 

Sometimes digestion was carried out u-itli concentrated HCl. Tho minced 
tissue and concentrated acid (10 were then well mixed, tho water being 
added at tho end of the stipulated period of digestion. Tho alkali required for 
neutralisation could be introduced with this water. 

Experience showed that if the medium was not to bo ruined certain precau- 
tions were necessary. Neutralisation of tho acid must not bo done while tho 
digest is hot and the alkali shotild bo added gradually, uath shaking to ensure 
oven mixing, either after or along with tlie water. Tho pH should not be 
allowed to rise be 3 ’ond 0*8. 

Replacement of liver hy muscle in the medium 

As meat (muscle) may be more easily procured than liver, it was desired to 
ascertain how much of the liver could be replaced by meat without reducing 
the gron*th of cliauvoci, A mince of livor and veal was put up in different 
proportions. Water and 10 N. HCl wore added as usual and after tho suspensions 
had been left at laboratory tomporaturo overnight as a matter of convenience, 
they were digested in the steamer at 93® C. for 5 hours. Media were prepared 
as described above from these digests and 35 c.o. amounts wore put into large 
test-tubes, steamed and seeded with graded inociila (table XI). 


TABt.B XT 

Replacement of liver by meat (muscle) in acid-diffest medium 


Seed (C.c.) 

All Urci 

Proportion of liver to meat ^ 

All meat 

s;l 

2:2 

i*.a 

10 

IG 

10 

10 

10 

10 


++++ 

++++ 

+ 'f'-k + 

++++ 

+ 

O'l 

20 

20 

20 

IG 



++++ 

++++ 

++++ 

++ 

- 

0-01 

30 

30 

24 

24 



+± 

+± 

+++ 

+ 

- 




30 

24 


0-001 


— 

+± 

± 



— = no growth ; ±» +» ++ ®tc, s= increasing amount of growth. 
Figures represent the time in hours ot winch growth was first seen. 


Growth started first in the all-meat lot seeded with tho largest inoculum ; 
on inspection at 16 hours it was already bubbling gas while the others showed 
only turbidity. But this rapid growth come to on abrupt end and the final 
yield was the poorest of all the corresponding lots. At tho other end, the lag 
period was relatively longer in media made from higher proportions of liver ; 
and with the smallest inoculum no growth took place in them. The best 
medium was the one made from equal ports of liver and muscle. 
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Injlucnce^ of concentration of acid, temperature and duration of 
digestion on the richness of the resulting medium 

Digestion of mixtures of equal parts of liver and muscle mince tras carried 
out at 56° or 93° C. in the presence of diluted or concentrated HCl for periods 
of 5 hours or 5 dajrs. The media ■were constituted on the following day or after 
standing at room temperature for 5 days. Apart from these variations, the 
routine method was followed. The media were put up in 35 c.c. quantities in 
large test-tubes. They were used soon after constitution or after an inten-al 
of 5 days ; in the latter case the media were regenerated by steaming for 
half-an-hoiw just before use. Tluee serial tenfold dilutions of meat culture 
were used for seed. The cultures were inspected at convenient interv'als to 
note w'hen gro-wth started. The final growth was estimated by the nephelometer 
(table Xn). 

The best mediinn was obtained by digestion of the tissues in the presence of 
undiluted HCl at 93° C. for 5 hours on a single day. It did not matter if the 
medimn was constituted soon after digestion or after staying at room temperature 
for 5 days. This medium was capable of regeneration on the 6th day, but it 
could also be regenerated up to 16 days according to experiments not detailed 
here. In general, however, it is much better to use the medium as soon as it is 
constituted. Two other media also proved good : the 5-day concentrated acid 
digest at 56° C. and the 5-day diluted acid digest at 93° C. 

Potency of vaccine made from liver-mnscle acid digest 

An anaculttire was prepared from a two-day growth of Cl. chauvoei 
in acid-digest medium. The medium was prepared from equal parts 
of liver and meat digested in the presence of concentrated acid at 
93° C. for 5 hours. Five bulls and five guinea-pigs were vaccinated, 
each with 5 c.c. and 1 c.c. respectively of the vaccine. Five weeks 
later they were tested, together -with five controls of each species, 
■with 50 lethal doses of calcium chloride suspension of chauvoei spores. 
All the vaccinated bulls and guinea-pigs suTTUved, but of the controls 
four bulls and all five guinea-pigs died. The vaccine was potent. 

Discussion 

It was thought that the value of the liver digest in supporting the 
growth of anaerobes possibly depended on the presence of reducing 
sugars or protein disintegration products containing active -SH 
groups. But the nitroprusside test failed to reveal the presence of 
active -SH groups and reducing sugars could not be demonstrated by 
the Benedict test. Ascorbic acid, wliich can induce anaerobiosis, 
was not detected by dichlorophenol-indophenol. But on addition of 
cysteine to the medium a substance capable of reducing dichlorophenol- 
indophenol was formed, cysteine alone being incapable of reducing 
the dye. This might suggest the formation of ascorbic acid from 
dehydroascorbic acid by cysteine. "Whatever the reducing substance, 
it is inactivated by heat in the alkaline range, and ascorbic acid is 
also inactivated under the same conditions. Further work is nece-ssar}' 
before a valid explanation can be advanced how acid digests of brer 
support groivth of anaerobes. 



Table XU— ra/wc of acid^digest medium in reunion to coruxutmtion oj acm, tc7;tj/cra»i/ 
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D 


no growth; ±, + ++ etc. ==» increasing dogreoa of final growth. Tlio figures represent timo (lira.) at which growth waa first seen. 
• The mixture VTia ab the temperatvao etated for 6 hours dally for 5 daj’s. 
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SUMaiAEY OF FAET II 

Cl. cJiauvoei was grown under aerobic conditions in a medium 
prepared from hydrochloric acid digest of ox hver. Growth was 
improved and the lag period reduced when half the hver mince 
exposed to digestion was replaced by muscle tissue. Five hours’ 
digestion at 93° C. in the presence of concentrated acid was 
satisfactory ; several days’ digestion was required at 93° C. in the 
presence of diluted acid, or at 56° C. in the presence of concentrated 
acid. After digestion, the pB. on addition of sodium hydrate must 
not exceed 6-8. 

The medium remained usable for about fifteen days provided it 
was regenerated by heat before use. 

Grateful acknowledgement is made to Dr F. C. Alinett for advice and help 
in writing this paper. 
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576 . 851 . 49 (Salm. iyplii) : 576 . 8 . 097 . 34 

THE BEHAVIOUR OF SALMONELLA TYPHI IN 
THE AGGLUTINATION REACTION 

WlLLIASr HaI'ES 

From the Central Military Pathological Laboratory, India Command 

The somatic agglutinability of Salmonella typhi has for many years 
presented problems of considerable interest and importance to the 
bacteriologist. This organism is pre-eminent among salmonella types 
as a human pathogen and most of the work undertaken to elucidate 
the reasons for its pathogenicity has been concerned with analysis 
of its somatic antigenic structure, usually in relation to loss variation. 
Thus the development of rough colonial forms was found to bo 
associated with loss of the surface polysaccharide antigen and exposure 
of the underlying antigen R, the variation being correlated with loss 
of virulence (Topley and Wilson, 1046, pp. 277 and 278). Weil and 
Felix (1920, quoted by Felix and Pitt, 1934a) first described the 
striking difierences in 0 agglutinability wliioh exist between different 
strains of Salm. typhi and commented upon the “ remarkable ” 
sensitivity of strain 901. This variability was satisfactorily explained 
by the classical investigations of Felix and his co-workers (Felix and 
Pitt, 1934 a and b ; Felix, Bhatnagar and Pitt, 1934), who showed 
that hypo-agglutinability and mouse virulence were correlated with 
the presence in the cell of a heat-labile antigen, Vi, which masked the 
0 antigen and protected the cell against opsonisation. Destruction of 
Vi antigen by physical or chemical means or the prevention of its 
development in -the living organism by culture on phenol-agar or at 
temperatures well below the growth optimum, resulted in the un- 
masking of the 0 antigen and the development of 0 agglutinability 
comparable to that shown by strain 901 and other hypersensitive 
strains. Strain 901 was recommended by Felix as test organism for 
the titration of 0 agglutinins in the so-called qualitative Widal 
reaction for the serological diagnosis of enteric fever (Felix, 1924), 
and its non-motile variant, strain 901/0 (Felix, 1930), is now used 
almost universally for this purpose. 

The work to be described began as a series of observations during 
the routine preparation of standardised agglutinable suspensions and 
diagnostic antisera for the use of military laboratories in India and 
elsewhere, and it was some time before any clear-cut line of investiga- 
tion suggested itself. These and subsequent observations are published 
now with the object of defining rather than solving what promises to 
be an interesting and complex problem. 
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jMethods akd technique 

Agglutmahle suspensions . — Colonies from which seedings were made were 
careMy selected on groimds of smootliness, standard agglutinability and 
stability in saline. Young broth cultures were seeded to nutrient agar (Lab- 
Lemco 0-5 per cent., peptone 1-0 per cent, NaCl 0-5 per cent, and agar 2-5 
per cent.) either in Roux bottles or large enamelled developing trays, and 
harvested after overnight incubation, control plates being spread from the 
broth culture as a check on the stabUity of colonial smootimess. Suspensions 
were made in 1 ; 2500 mercuric iodide in 0-45 per cent, saline solution, buffered 
at pH 7-4 and containing 0'05 per cent, formalin. More recently I have used 
0-25 per cent, formalin in distilled water, buffered as before (Bridges, 1943-44). 
Suspensions were adjusted to an opacity equivalent to 6000 million Bact. coli 
per ml., serologically standardised against homologous suspension obtained 
from the Standards Laboratory, Oxford, and tested for stability in 0-8o, 34 
and 6‘8 per cent, saline. Suspensions of Sahn. typhi strain 901 (referred to in 
the text as T/901/0), the permanently non-motile Salm, paratyphi A (C.M.P.L. 
no. 113/44) and C (C.M.P.L. no. 618/43), Salm. typhimurium strain Glasgow 
(Schiitze, 1930) and Salm. typhi strain Vi(l) (Bhatnagar et al., 1938) were not 
alcoholised. Suspensions of all other types were prepared from motile strains 
and alcoholised after harvesting to destroy flagellar agglutinability. 

Treatment of suspensions by heat. Much of the work to be described resulted 
from a chance observation that heated suspensions of T/901/0 behaved verj' 
differently from untreated suspensions. Unless otherwise stated, the designation 
“ heated ” after an organism means that the suspension had been placed in a 
boiling water-bath (96° C.) for 15 minutes. Any other physical or chemical 
treatment of suspensions is described in detail in the text. 

Preparation of antisera. Antisera were obtained by immimisation of rabbits 
with suspensions prepared as above except that suspensions of motile strains 
were heated in a boiling water-bath for two hours before injection. Four injec- 
tions of 250-, 600-, 1000- and 2000-mLQion organisms were given intravenously 
at intervals of 3-6 days, the animal being bled 5 days after the last injection. 
All O antisera were tested for the absence of H agglutinin before use. 

Agglutination technique. Serial dilutions of serum were made in 1 ; 2500 
mercuric iodide in 045 per cent, saline solution buffered at pH 7-4, LO ml. 
volumes and wide-bore (2 X J in.) tubes being used. One drop of suspension 
was added to each tube. After shaking, the rack was incubated for two hoius 
at 37° C. and allowed to stand on the bench overnight. The end-point was taken 
as the highest dilution of serum not showing a defimte “ spot ” of unagglutinatcd 
bacteria at the bottom of the tube. Whenever the end-point was in doubt, 
either because of an ill-defined spot or some apparent dispersion of bacteria m 
addition to a spot, the tube was shaken and its magnified image examined in a 
concave microscope mirror, the titre being taken as the highest dilution showuig 
definite particulation. The great majority of sera were tested as soon as 
possible after bleeding, without inactivation or the addition of preservative. 

Absorption technique. The requisite volume of suspension was centr ’ 
the supernatant fluid discarded and the deposited bacteria re-suspended m 
serum. The absorbed serum was centrifuged free of bacteria after one lOur 
37° C. This method allows fractional absorption or absorption with wo 
more suspensions without significant dilution of low-titre sera. 


ExPEREMENTAIi EIXDIlfGS 

Preliminary bleeding of rabbits before immumsation appeared t 
show that the natural antibody titre was almost invanaby mu 
higher against T/901/0 than against other salmoneUa types. 
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sera of a considerable number of rabbits wore tbereforo tested for 
natural O agglutinins against T/90I/0 suspensions, both untreated 
and heated, and against suspensions of other salmonella tj^es. All 
the rabbits tested were healthy and, so far ns was knoivn, had nerer 
been involved in o salmonella or other epizootic ; they were derived 
from several different strains reared in widely separated parts of 
India. Of a series of 142 rabbits tested, the sera in 81 per cent, 
showed titres of 1 : 40 or higher against T/SOl/O, being above 1 : 100 in 
32 per cent. The sera in G per cent, of rabbits yielded titres of 1 : 640 
or 1 ; 1280. In 92 rabbits of the series, the sera were titrated against 
r/901/0 (heated), in 55 against /Saltn. enterilidU 0, in 67 against Salm. 
paratyphi AO, in 58 against Salm. typhimurium 0 (strain Glasgow) 
and in 07 against a Vi-B, strain of Salm. lyphi. No serum showed a 
litre aboT’e 1 ; 40, and the titres of between 91 and 100 per cent, of 
sera feU below this figure. 

Two facts are clear. The first is that T/901/0 is agglutinated by a 
majority of normal rabbit sera to a markedly liigher titre than other 
salmonella tj'pes, although these types contain among them all the 
somatic antigens hitherto described for this strain of Salm. typhi 
(Bornstein, 1943). Analysis of sera giving litres of less than 1 ; 80 
for T/901/0 has shown that the litre is almost always significantly 
higher against this strain than against the other types examined. 
A few sera showing exceptionally high T/901/0 titres were tested in a 
dilution of 1 ; 12'5 for the presence of agglutinins against the flagellar 
antigens of Salm. typhi and Salm. enterilidis with negative results. 

The second is that when a suspension of T/901/0 is heated its 
agglutinability by normal rabbit serum is so diminished os to conform 
to that shown by other salmonellas. Tliis reduction in the agglutin- 
ahility of T/901/0 (heated) is not due to a simple physical change in a 
fraction or fractions of the somatic complex, whose ability to react 
is, thereby diminished, as is shown by comparing the titres of a number 
of normal rabbit sera against the same suspension of T/901/0, un- 
treated and heated. The results of such an experiment are shown in 
table I. 

This experiment was controlled by a Salm. typhi 0 and two Salm. 
mteritidis O-immune antisera ; in each case the titre against heated 
suspension was between one-half and one-quarter of that against 
untreated suspension. Of nearly 100 normal rabbit sera tested, the 
titre against T/901/0 (heated) has never been found lower than 1 ; 10. 
In table I, therefore, it may be assumed that the agglutinabib'ty of 
heated suspension by normal serum does not vary by more than four 
times (i.e. from 1 : 10 to 1 : 40). On the other hand, that of untreated 
suspension varies by as muoh as 128 times {i.e, from 1 ; 10 to 1 : 1280) 
against the same sera. If the difference in agglutinability between 
untreated and heated suspensions were due to a fall in agglutination 
sensitivity of the normal 0-antigen complex — or part of it — as the 
result of heating, the same batch of suspension would be expected to 
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show a fairly uniform faU iu titre with every serum^as liappened with 
the immune Mtiserum controls. But there was no such uniform fall. 
Mweover the 0 complex of Saltn. typM, containing the factors IX, XII 
XHg, XII3 (Sauffmann, 1941), is hnoivn to be heat-stable, as are all the 


Table 1 


Agglutinin litres of a series of normal rabbit sera against the 
same suspension of T/901/0, untreated and heated 


Babbit CO. 

• litre against T/001/0 j 

Untreated 

Heated 1 

109 

640 

40± 

no 

20 

20 

111 

20 

10 

112 

160 

20 

113 

640 

20 

lU 

40 

<20 

132 

80 

40 

136 

320 

<20 

137 

1280 

<20 

155 

, 

10 

10 


* In this and subsequent tables, tltres ate reported as the reciprocal of the scrum dilution concerned. 


0 antigens of the Salmonella group with the exception of a component 
of antigen V (Kauflfmann, 1936, quoted by Bornstein, 1943, p. 444), 
and can withstand 100” C. for two hours or more without deterioration. 
Suspensions of Salm. paratyphi A and C, of Salm. typhimurium and 
of several strains of Salm. enteritidis have failed to show any loss of 
somatic agglutinabiiity after heating. 

Natural agglutinins in the sera of species other than rabbits 

The sera of 12 goats, 11 guinea-pigs, 4 chickens, 2 sheep and; 2 
dogs were tested for natural agglutinins against T/901/0 and other 
salmonella t3q)es. Unfortunately, T/901/0 (heated) suspension was 
not included as antigen in these tests. A significantly higher titre 
was always found against T/901/0 than against the other types. The 
lowest titres were shown by guinea-pig sera, wliich agglutinated 
T/901/0 in dilutions of fi’om 1 : 10 to 1 : 80, but did not react with 
any of the other types in dilutions of 1 : 5 or over. Figures relating h 
the natural agglutinin content of human sera are difficult to asses 
accurately in India since all troops have received T.A.B. vaccine ai 
some time or another, and previous infection or exposure to infectiot 
cannot be excluded in the civil population. Whether or not the 
behaviour of normal human sera is similar to that of rabbit sera, t ic 
sera of immunised, non-infected persons show a wide 
between the titres against T/901/0 on the one hand and T/ / 
(heated) on the other. The behaviour of human sera is dealt with w 

detail later. 
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TU antigenicity of “ Vi-B ” sJrrnna of Salm. typhi in relation 
to the aggluiinabilUy of T/OOtjO 

Bliatnagar et al. described a strain of Salm. typhi, loiown as 'Vi(l), 
Tvliioh behaved agglutinogenioally -as a pure Vi variant, being 
agglutinated to an insignificant degree by high-titro 0 antiserum 
after destruction of Vi antigen and giving rise to only a low titre of 
0 agglutinins (1 : 200) on injection into rabbits. We have used this 

Table II 


Comparison oj iitrea against T/OOl/O, untreated and heated, before * and 
after irnmunisalion of rabbits xoitk Vi-R and O strains of Salm. typhi 





Tlttcs against suspcn-slons of 

Immunising 

strain 

AE^umed antigenic 
structure 

Scrum 00 . 

T/001/0 

Salm. tvpld. 




Untreated 

Heated 

VIU) 

Vi(l) 

Vi-R 

1 

(40) 

JO, 240 

... 

(6) 

2560 



o 

(40) 

J2S0 

(10) 

10 

(10) 

640 



3t 

(ICO) 

22S0 

(20) 

10 

360 



* 

(JO) 

100 

(10) 

20 

(5) 

6120 



5 

(80) 

80 

(20) 

20 

(6) 

2560 



6 

(160) 

80 

(20) 

20 

640 

Rflwlings 

Vi-R 

■ 



640 

T/301/0 

Pure 0 

■ 



WM 



■ 

(40) 

40.960 

... 

10,240 

m 


* Initial titres aro included In brackets above the final tftrea. 
t Suspension beated at PC* 0. for ) hour before Injection. 


strain for several years for the production of Vi antiserum and the 
preparation of agglutinable Vi suspension. It has shown considerable 
variation in its 0 antigenicity, which initially was high, stimulating 
titres of from 1 : 1000 to 1 ; 10,000, thereafter falling untO it possessed 
no ability to produce 0 agglutinin at all. Several sera were tested 
against untreated and heated suspensions of T/901/0 following 
immunisation of rabbits with this strain wlien its 0 antigenicity was 
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faliing. Some representative results, compared with those following 
immrmisatioiv with Vi-H strain Rawlings, which is supposed to be 
antigenicaliy similar to Vi(i), and with T/901/0 are given in table II. 

It is clear that the antigenic composition of Vi(l) is very different 
from that of Vi-R strain Rawlings ; for Vi(l) tends to produce anti- 
bodies only against untreated T/901/0, but Vi-R Rawlings stimulates 
agglutinins which react equally -with heated and untreated suspension. 
Table II illustrates and our experience confirms that heated suspen- 
sions of T/901/0 are nearly always agglutinated to approximately 
one-quarter of the titre against untreated suspension by homologous 
antiserum, irrespective of its titre. 

It is improbable that the increase in T/901/0 titre following 
immunisation with Vi{l) is due to random variation in the titre of 
natural agglutinin. The sera of a number of rabbits were titrated 
at weeldy intervals over a period of a month and in two cases after 
an interval of six months. Except in one of the rabbits tested after a 
six-month interval, little alteration in titre was found, suggesting 
that there is not a mde and comparatively rapid variation as there is 
with a agglutinin (Stamp and Stone, 1943-44 ; Francis and Buckland, 
1945). 

As might be expected, suspensions of Vi(l), which stimulate anti- 
body production against T/901/0, are themselves completely in- 
agglutinable by Salm. typhi O antiserum and normal rabbit serum if 
they are heated to destroy Vi antigen. On the other hand, such 
suspensions become increasingly 0 agglutiuahle when Vi antigen 
has deteriorated through age, or incubation at 37° C. This agglutin- 
ability disappears on boiling the suspension for a few minutes. 


Properties of the natural antibody 

(1) Type of agglutination. With the majority of normal rabbit sera 

showing fairly high titres, agglutination of T/dOliO was coarsely 
granular and accompanied by complete clearing of the supernatant 
flizid. Partial or complete inhibition of agglutination was frequently 
observed up to 1 : 20 or 1 ; 40 dilution of the serum. Agglutination 
of heated T/901/0 suspension was invariably in extremely fine particles, 
often visible orily on magnification and accompanied by little or no 
clearing of the supernatant fluid. The same differences in degree 
and quality of agglutination were observed when Rreyer’s instead o 
Felix’s agglutination technique was used, except that the titre agains 
untreated T/901/0 was usually a little lower. 

(2) Specificity and absorbability of the antibody. Unsuccessfu 
attempts were made to produce an antiserum which would agglutma e 
untreated but not heated T/POl/O suspension by_ absorbing normal 
rabbit serum with suspensions which had been boiled for periods up 
to hours or with suspensions of several strains of Sahn. enleri i is- 
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Although boiled suspension was readily capable of removing all agglu- 
tinin from the serum, differential technique showed that absorption 
was rather less efficient in its later stages than with untreated sus- 
pension. Similarl}', absorption with jnagglutinable alkali-treated 
suspension (see below) removed all agglutinin against untreated 
suspension. Absorption of normal rabbit serum wth suspensions of 
salraonellas other than Salm. typhi and Salm. enteritidis showed that, 
in the great majority of sera, the antibody possessed a high degree 
of specificity for Sabn. typhi, its titre being reduced to only a sbght 
extent or not at all by very dense suspensions of heterologous types. 
Yet although specifleity is the rule it is not invariable, for the antibody 
titre of a few of the sera was considerably reduced by absorption with 
Sabn, paratyphi A(I, II, XHi, XII3) and B(I, IV, XIIj, XIIj), Sabn. 
durazzo (II, XIIj, XII3) and Salm. reading (I, IV, V, XIIj, XIIj), 
but never by Sabn. paratyphi C(VI, VII), Salm. poona, Salm. 
gaminara or any salmonella not sharing a somatic antigen with Sabn. 
typhi. Whether this is due to a qualitative difference in the rabbit sera 
or in the absorbing suspension is not Icnown. 

It is a frequent finding that so-called “ natural ” antibodies require 
a much larger volume of absorbing suspension to e.xhaust them from 
a serum than do antibodies resulting from immunisation (Topley and 
Wilson, 1940, p, 1087). Absorption experiments were performed to 
determine if antibody against T/901/0, untreated and heated, could 
be removed from normal rabbit serum as easily as from immune serum 
of the same titre. Constant volumes of serum were absorbed with 
geometrically increasing numbers of T/901/0 and the titres of residual 
antibody estimated. The initial fall in titre of two normal rabbit 
sera was found to be more rapid than that of a Salm. enteritidis 0 
antiserum similarly absorbed. But at a level below the titre of the 
unabsorbed senim against heated suspension the rate of fall was 
much slower. For example, with one serum 6000 million organisms 
sufficed to reduce the titre against untreated T/901/0 suspension to 
1/32 of its original value — the end-point of agglutination against heated 
suspension — without significantly affecting the T/901/0 (heated) titre. 
Reabsorption with the same number of organisms was required to 
halve this titre, that for heated suspension now running parallel. 
Thus natural antibody against T/901/0 shows an unusual degree of 
absorbability up to the point where the titre corresponds to that 
against heated suspension, but thereafter absorption becomes in- 
creasingly difficult, the titres for untreated and heated suspensions 
coinciding. 

(3) Heat-stability of the antibody. A number ,of normal rabbit 
sera were titrated, both before and after heating at 60° C. for 30 
minutes, against T/901/0, untreated and heated, and several other 
salmonella 0 suspensions. Most of the sera after heating showed 
no fall in titre against untreated T/901/0, but titres dropped appreciably 
against T/901/0 (heated) and the other salmonella suspensions tested. 
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Some fall in titre against untreated T/901/0 was noted in only a few 
cases, and it was never greater than one tube. 

(4) Fractionation of normal sera. A few sera were fractionated 
with ammonium sulphate. All the antibody against untreated 
T/901/0 suspension was present in the fraction precipitated by 
50 per cent. (1^4)2804 and half was present in the 35 per cent, 
precipitable fraction. 

(5) Belationship of the antibody to normal intestinal flora. Tlie 
freces of four rabbits whose sera gave high titres against T/901/0 
were examined for the presence of Salmonella organisms with negative 
results. The feces of one such rabbit was plated on desoxycholate- 
citrate medium, MacConkey’s agar and blood-agar. Ten different 
varieties of organism were isolated and a suspension prepared from 
each. One of these suspensions proved auto-agglutinable, but of the re- 
mainder only one was agglutinated to a titre of more than 1 : 20 by the 
rabbit’s serum. The serum was then heavily absorbed with each of 
the ten suspensions without lowering at all its titre against T/901/0. 


The effect of differential heating and of agencies other 
than heat on the agglvUnability of T/901/0 

T/901/0 suspension was divided into 5 portions each of which was 
heated at 60, 56, 60, 75 or 85° C. for one hour. Each suspension was 
then put up against a series of dilutions of normal rabbit serum 
(no. 118, table I) along with controls of untreated suspension and 
suspension boiled for 15 minutes. Suspensions heated at 50° C, 
gave the same result as the unheated control, being agglutinated cleanly 
by the serum to a titre of 1 : 640. Those heated at 75 and 85° C. gave 
results similar to boiled suspension, the serum titre being reduced to 
1 : 20. Suspensions heated at 56 and 60° C. showed a marked 
deterioration in the quality of agglutination for serum dilutions of 
1 : 40 to 1 : 640 inclusive. There was little clearing of the supernatant 
fluid, the agglutinated particles were very much finer than those in 
the untreated control and the aggregates at the foot of each tube 
gave the impression of a diffuse “ spot ”, thinning out at the periphery 
to a muddy particulation. Appearances, in fact, were intermediate 
betw’een the clear-cut agglutination of the untreated control and the 
clean, compact “ spots ” of the heated control. Heating at tempera- 
tures of 56° C. and over, therefore, affects qualitatively the agglu tin- 
ability by' normal rabbit serum of T/901/0, until at 75° C. it is destroyed 
after one hour. 

Treatment with 5 per cent. Hd, dilute alkali, alcohol in concentra- 
tions below absolute, saturated chloroform water or acetone destroys 
or greatly diminishes the agglutinabiUty of Vi antigen without 
affecting that of the heat-stable O antigens. The effect of these 
reagents on the agglutinability of T/901/0 by normal rabbit sexnm 
was investigated. The suspension to be tested was divided 
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a number of fractions, each of wliioh was treated in one of the 
following ways : — 

(1) Concentrated HCl was added to giro a final concentration of 
5 per cent. After 48 hours at room temperature (or at 4° C. during 
hot weather) the was adjusted to neutrality, the suspension washed 
three times and re-suspended in the original volume of saline (relis 
and Pitt, 1930). 

(2) One twenty-fifth the volume of JV/1 NaOH was added. After 
four hours at room temperature the pH was adjusted to neutrality 
and the suspension washed and re-suspended in saline to the original 
opacity (Felix, 1945, personal communication). 

(3) The suspension was centrifuged and the deposited bacteria 
re-suspended in saturated chloroform-saline. After one hour at 
37° C. the suspension was washed and re-suspended in the original 
volume of saline. 

(4) The suspension was centrifuged and the deposited bacteria 
re-suspended in pure acetone, in absolute alcohol, or in 76, 60 or 
30 per cent, alcohol. After standing at room temperature for 
48 hours the suspensions were washed and re-suspended in saline 
as before. 

Suspensions so treated were tested against a normal rabbit serum 
and serum from a rabbit after immunisation with Salm. iyphi strain 
Vi(l), giving titres of ICO and 10, and 1280 and 10 respectively against 
untreated and heated T/901/0. Similar results were obtained with 
both sera. Agglutinability was unafieoted by treatment ivith 
6 per cent. HCl, chloroform-saline, acetone and absolute and 
30 per cent, alcohol. Treatment with 76 per cent, alcohol reduced 
agglutinability to one-quarter that of untreated suspension. Treat- 
ment Avith alkali was variable in effect, reducing the agglutinnbility of 
some suspensions to the same extent as heating, while that of other 
suspensions was unaffected. The effect of 60 per cent, alcohol was 
also variable and depended on the batch of T/901/0 suspension treated, 
agglutinability frequently being more markedly reduced than by 
75 per cent, alcohol but occasionally remaining unaffected. In control 
experiments agglutinability by Salm. enteritidis 0 anliserum was 
never reduced to more than one-half by treatment. 


The agglutinabilitt/ of TjOOl/O by human sera 

Since T/901/0 is almost universally used ns Salm. typhi 0 antigen 
in the Widal reaction, its behaviour in relation to human sera is of 
particular interest in view of the above findings. It has previously 
been pointed out that normal human sera cannot be obtained from 
Array personnel. Kesults obtained with 15 sera from healthy, T.A.B.- 
inooulated persons and from immunised persons suffering from enteric 
and other diseases are shown in table III. The titres of these sera 
against Salm. paratyphi AO and three strains of Sahn. enteritidis 
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possessing different combinations of the components of antigen XII 
(Ivauffraann) are included in the table. 

It is clear not only that the diyergence in titre against untreated 
and heated suspensions of T/901/0 and the lack of any proportional 
relationship between the two is at least as marked with human as 
nith rabbit sera, but also that the titres against one of the two Sahn. 
enieriiidis strains 511/44 and 12316/JT, in which antigen XIIo is 
absent or recessive, correspond roughly to those against T/901/0 
(heated). It is hoped in a subsequent paper to deal more fully with 
the bearing of these findings on the evaluation of the Widal reaction 

Table III 


Affghilinin litres oj human sera against various salmonella suspensions 


) 

i 




litre suspension of 


Scrtmi 

i 

Condition 

Time since 
last T.A.B. 

T/901/0 

TV VTT. VTT 

A/llS/O 

r, ir, xii„ 

Salmonella entmliiii 0 

Inoculation 

(months) 

’'xu 

> 

511/44 
IX, X1I„ 

xn. 

570/44 
IX, xn„ 
xn. 

IX. XI 




Untreated 

Heated 


1^ 

\X. H. 

\ 

24 

1280 

<10 

<20 

<20 

<20 

<20 

M. B. 


4 

640 

40 

<20 

40 

<20 

40 

K. M. 

j- Healthy • 

) 

14 

204- 

<10 

<10 

<10 

<10 

<10 

R. D. W. 

14 

320 

<10 

20 ± 

10 

10 

J. 


14 

320± 

<10 

80 ± 

<10 

<10 

... 

K. L, 

Pleurisy 

Kot more 
than 18 

160i 

20 ± 

10 

... 


... 

i 384B 

Endemic ( 

7 

160 

20 

20 Tr. 

<20 

20 Tr. 


1 385B 

■ (murine) ■< 
typhus [ 

? 

320 

<20 

<20 

40 

20 

40 

] Proctor 

Typhoid j 
fever ^ 


1280 

160 

<20 

80 

<40 

IGO: 

1 Kibble 

6 

640 

160 

10 

160 

40 

160 

Stock 

8 

I280± 

20 

20 

40 

20 

SO; 

Russell 

1 Salm, f 

7 3 

320 

<20 

20 

<20 

<20 


Beamish 

1 paraU/phi 1 

18 

320 

<20 

160± 

20 

<20 

... 

Welton 

1 ^ 1 

3 

640 Tr. 

80 

80 

160 

<40 

... 

TVomo 

J infection \ 

2 

320 

<20 

<40 

<10 

<10 



in inoculated persons. In view of the similarity in behaviour of normal 
rabbit and human sera, some of the properties of the antibody against 
untreated T/901/0 in human serum W.H. were examined in more 
detail. As with the majority of fairly high-titre normal rabbit sera, 
untreated suspension was agglutinated in coarse granules with clearing 
of the supernatant fluid, and zoning was marked. Zoning was also 
observed with several other human sera. The antibody was readily 
absorbed by T/901/0, untreated and boiled for 2} hours, and by 
suspensions of all three strains of SaM. enieriiidis listed in table III- 
It was absorbed only slightly or not at all by Salm. paratypiii A, 
Salm. dtirazzo, Salm. reading and combinations of these tjpe^- 
Absorption vrith a " first generation ” rough variant of Salm. enieriiidis 
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strain 12316/JT reduced the titre of serum W.H. from 1 ; 1280 to 
1 : 160 but failed to remove any antibody from human serum M.B. 
This incongruity will bo referred to Inter. Heating serum W-H. at 
60° C. for 30 minutes did not appreciably reduce its T/901/0 titre. 
The serum was not fractionated. As with rabbit sera, the agglutin- 
ahility of T/901/0 by serum W.H. was variably reduced to that of 
heated suspension by alkali treatment, and greatly diminished by 
contact with 50 per cent, and 76 per cent, alcohol. Human serum 
W.H., therefore, does not differ markcdlj' from rabbit sera in the 
properties investigated. • 

The behaviour of freshly isolated strains of Salm. typlii 

The agglutinability of ten freshl 3 ' isolated strains of Salm. typhi 
received from other laboratories for routine confirmation of bacterio- 
logical diagnosis was compared with that of T/901/0. Such strains 
are complicated bj' the presence of Vi antigen, wliioh masks somatic 
agglutinability to a variable degree. Suspensions were therefore 
tested untreated, after simple heating, after treatment either with 
6 per cent. HCl or saturated chloroform-saline to destroj' Vi agglutin- 
ability, and after chloroform- or HCl-treatment followed by heating. 
Chloroform treatment proved superior to HCl treatment, which 
showed a tendency to produce saline instability in some strains, but 
the results of both methods were substantially the same. These are 
shown for 5 strains, compared with those given by T/901/0, in table TV. 

With the untreated suspensions there is a fairly close direct 
relationship between the litres to wdiich they are ' agglutinated bj' 
human serum W.H. and Salm. enieritidis strain 611/44 antiserum 
and, as might bo expected, these titres are about inversely proportional 
to the amount of Vi antigen present ns judged by litre and quality 
of agglutination by pure Vi antiserum. Reference to the figures for 
untreated T/7/46, T/2/46, T/8/4C and T/16/46 suspensions, in that 
order, will make tliis clear. As with T/901/0, simple heating of these 
suspensions destroyed their agglutinability by human serum in every 
case. It has frequently been stated, and is generallj' assumed, that 
boiling not only destroys Vi agglutinability but also unmasks 0 
antigen so that the organism becomes readily agglutinable by 0 
antiserum. This has not been my experience. Most strains tested 
have showm a marked fall in sensitivity to 0 antiserum after heating 
(e.p. T/2/46 and T/16/46). A marked rise in titre was observed with 
onlj' one strain (T/7/46). 

Treatment with chloroform-saline raised the agglutinability of all 
the strains by both serum W.H. and Salm. enieritidis 0 antiserum 
to approximately that of T/901/0. Boiling the chloroibrm-treated 
suspensions did not impair agglutination by Salm. enieritidis 0 anti- 
serum against strain 670/44, and sensitivity to strain 611/44 antiserum 
was reduced by not more than four times, often only slightly or not 
at all. These findings are in keeping with those observed for T/gOl/0 
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(heated) suspensions. Eesults •w'ith human serum W.H. •were un- 
expected, ho-R'ever, for the difference in sensiti-vdty het-ween untreated 
and heated cliloroform-treated suspensions, instead of being imiform, 
varied from 4 to 64 times ■with different strains. This variahilitj’- is 
not correlated with either the quantity or quality (phage type) of Vi 
antigen in the strain. 

Table IV 

Agglutinability of freshly isolated strains of Salm. typhi by 
human and immune rabbit serum 





litre of 


i 

Strain 

* Suspension 
treated with 


Immune rabbit scrum rtnus 

Human 
serum W.H. 

Salmonella enterilidit strain 

Salmonella 

t 



670/44 

(IX, xn„ XU,) 

511/44 

ax, XII„ xn.) 

typln \ 1 
(pure) 

T/901/0 

Heat 

1280 

<10 

51,200 

51,200 

12,800 

G400± 

<10 

T/2/4C 

Heat 

CHCIj 

CHCIj-phoat 

40 

<20 

1280 

20 

51,200 

51,200 

800 

200 Tr. 
12,800 

12,800 Tr, 

160 4- -1--)- 
<10 
<10 

I T/7/46 

Heat 

10 

<10 

... 

100 

6400± 

320+-^ + 
<10 

i 

) 

CHCl, 

CHClj-fheat 

1280 

320 

... 

12,800 Tr. 
G400 

10 

1 T/8/40 


320 

... 

3200 

160 + 

Heat 

<10 

• •• 

3200 

<10 

1 

CHCl, 

1280 

51,200 

G400 

<10 

\ 

\ 

CHClj-f-heat 

320± 

51,200 

G400 

... 

' T/1G/4G 


1280 

... 

12,800± 

10+ 

Heat 

<10 

... 

3200 

<10 

1 

CHClj 

2.'3G0.^ 

51,200 

6400 

<10 

i 

CHCIj+heat 

G40± 

51,200 

3200 

... 

' T/Tj-pe/J 

... 

Heat 

80 

<20 

... 

... 

320 

<10 

1 

CHClj 

1280 

... 

... 

<10 

\ 

CHCljU-heat 

40 

... 

... 



-f -f- 4. = coarse agglutination by pure 'Vi antiserum. 

+ = fine agglutination by pmo Vi antisenim. 

• Frc'lily prepared fu«pen'!on'i from I8-lionr apar cultures were centrifuged and suspended In absolute 
alcoliol for 30 minutes to destroy flagellar agglutinabillty and then, atter re-suspcnslon in saline, were 
divided Into tliree portions. Of these, one was untreated, one was heated at 00° C , the third was treated 
with chlorororm-sallne {■= CHCli) ; half of this la't portion was then heated at 00° C. (■=■ CHCIt-rheat). 
Parent ^u•^pcn^lons were tested for ab«encc of flagellar agglutinabillty after aleohoUsatlon. 


Freshly isolated strains of Salm. typhi were similarly tested against 
normal rabbit sera wliich showed a ■wide divergence in titre for 
T/901/0. untreated and heated. These sera differed from human 
serum W.H. in that the sensitivity to them of untreated and chloroforni- 
or HCl-treated suspensions was in no case reduced more than four 
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times after heating, the fall being only slight with the majority of 
strains. In other words, results did not differ significantly from those 
with immune antiserum controls. 

A cliloroform-treated suspension of one freshly isolated strain 
(T/2/46) which, after heating, showed 'a marked drop in agglutinabilit 3 - 
hy human serum W.H., was titrated against this serum after treatment 
with 5 per cent. HCl, aUrali, and absolute, 75 per cent, and 50 per cent, 
alcohol. The results wore similar to those given by T/901/0, treatment 
with alkali, 75 per cent, and 60 per cent, alcohol producing a marked 
fall in agglutinability. In order to furnish additional evidence of the 
similarity of the antigen-antibody system involved in the agglutination 
of T/901/0 and recent strains, human serum IV.H. and normal rabbit 
senim were absorbed with suspensions of untreated T/901/0 and 
chloroform-treated T/2/40. Each suspension removed all agglutinin 
against the other from both sera. 


The effect of colony selection on the somatic agglutinability 
of Salm. tj’plii 

The considerable differences in relative agglutinability of heated 
and unheated chloroform-treated suspensions observed for different 
strains of Salm. typhi (table IV) suggested that there might be dis- 
continuous variation in the direction of either stability or lability to 
heat. Agar-slope suspensions were prepared from 47 colonies of 
T/901/0 and tested against normal rabbit serum, but no variation 
towards heat stability could be demonstrated. Thvo recently isolated 
strains of Salm. typhi were then selected for test — T/80/4G, which 
showed a 16- to 32-fold reduction, and T/lB/iG, ndth only a 4-fold 
reduction in agglutinability by serum W.H. after heating. These 
were plated, but heated suspensions prepared from 10 colonies of 
each showed no significant variation from the parent culture. Both 


T/80/4G. 


1 i i I 

16 32 16 IG 16 


T/lG/46. 

I I I I I 

4 4 4 4 4 


— 30 serial subcultures on agar — 


I I I 

16 16 16 


8 


I 

16 


r 

4 


8 16 16>C4 


strains were then passaged daily for 30 days on agar slopes. The 
thirtieth subcidture was plated and suspensions made from 5 colonies 
of each strain. These were tested after chloroform treatment, with 
and without heating, against human senim W.H. The results may 
best be indicated by a diagram in which the figures represent, for 
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each colony, the ratio Buspension 

litre against unheated suspension ^ 

figure indicates a Jiigh degree of heat iabilifcy and vice versa. 

There would appear, therefore, to be a variation in the direction 
of heat lability which is conditioned by artificial culture. 


Complejnent-fixation tests 

It was thought desirable to confirm the loss of reactivity of heated 
T/901/0 suspension by an antigen-antibody reaction other than 
agglutination. Complement fixation is the only method whereby 
the suspensions previously employed could be tested comparatively, 
Equal volumes (4 standard drops) of serum, antigen, corapleinent 
and sensitised sheep R.B.C. were used. Saline suspensions of T/901/0 
of a density equivalent to 2000 million Bact. coli per ml. were found 
satisfactory as antigen and were not anticomplementary. The opacity 
of stronger suspensions interfered with the reading of results, and 
weaker suspensions were less effective in fixing complement. Comple- 
ment titrations were carried out in the presence of antigen. The 
antigen-serum-complement mixture was kept for one hour at room 
temperature before sensitised E.B.C. were added. Results were read 
after a subsequent f-hour incubation at 37° C. Allowing fixation to 
proceed for 20 hours at 4° C. before the addition of sensitised K.B.C. 
did not markedly increase the complement-fixing titre, which was 
taken as the highest dilution of serum giving partial fixation. 

Using untreated suspension as antigen and sh'ghtly less than 
2 M.H.D. of complement, the titre of normal rabbit serum was only 
one-eighth to one-sixteenth, and of human serum W.H. one sixty- 
fourth that of the agglutinin titre. The use of heated suspension as 
antigen reduced the complement-fixing titre of the human serum 
only four times compared with a fall in agglutinki titre of more than 
128 times •, with the only rabbit sermn tested the titre was halved as 
against an eight-fold reduction in agglutinin titre. Thus the difference 
in reactivity between untreated and heated suspensions can be 
demonstrated by means of complement fixation but this difference is 
nothing hke so marked as in the agglutination reaction. 

Discussion 

In attempting to find an explanation of the phenomena presented 
above, several possibilities were considered. The heat labili^ o 
T/901/0 and the fact that certain cultures of Salm. typhi strain n ) 
appeared to induce antibody production only against nu ea e^ 
T/901/0 suspension suggested the presence in these two strains o 
heat-labile somatic antigen to which antibody occurred in 
of the majority of normal rabbits and of man. If such an an ig ^ 
failed to mask the normal 0 complex, agglutination by iugh- ^ ™ 
antisera should not be affected by heating. This has been shown o 
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the case. The presence of a-antigen in T/901/0 ivas excluded, since 
suspensions of this strain are not agglutinahlo by a-antisera and do not 
stimulato a-antibody on inoculation into rabbits. Moreover, there 
is no correlation between a-titre and that against T/90i/0 in a large 
number of rabbit sera tested. The ability of heated suspension and 
of inagglutinable strains of Salm. enlcritidis to absorb antibody 
against T/901/0 from human and rabbit sera was a point against the 
heat-labile antigen theory, although it did not exclude it. For example, 
the agglutinability of Vi antigen and of flagellar antigens in general 
is usually destroyed by boiling for one or two minutes, but prolonged 
boiling is required to remove antigenicity and absorbing power. With 
Salm. enteritidis the antigen present could be so arranged spatially 
in relation to 0 as to be inagglutinable and yet capable of absorbing. 
Such conditions exist in fact between mono-speciflo Sr. abortus and 
melitensU antisera and suspensions of heterologous type. But the 
variable behaviour of freshly isolated strains of Salm. lyphi presented 
a more convincing case against a heat-labile antigen. After ohloroform 
treatment, all the strains tested have shown approximately the same 
agglutinability by human and normal rabbit serum ns T/901/0. With 
some strains agglutinability is greatly reduced after heating, with 
others the sensitivity is little changed, especially to rabbit serum. 
Both types are capable of absorbing all agglutinin against T/001/0. 
If, therefore, a heat-labile antigen is present in T/001/0, a more or 
less heat-stable form of it is also present in freslily isolated strains. 
Many strains of Salm. enteritidis, including both dublin and gaertner 
types, have been tested against human and normal rabbit serum. 
None was agglutinated to a significant litre by human serum W.H. 
With rabbit sera, some strains were not agglutinated even by a 1 : 10 
dilution, while others proved as sensitive as T/901/0. Some strains 
of intermediate sensitivity were also demonstrated. The agglutinability 
of these sensitive strains was imaffected by boiling. 

It seemed possible that one or more of the normal somatic antigens 
were subject to a form of variation towards increasing heat lability, 
without loss of reactivity in the unheated state. Thus all the observed 
phenomena would be accounted for by the presence in human and 
normal rabbit serum of antibody against the heat-labile antigen or 
antigens only, whereas immune sera, which agglutinate both heated 
and unheated suspensions to about the same titre, contain agglutinins 
of equal titre for both stable and labile antigens. The somatic autigem'o 
structure of Salm. typhi is given by Bomstein as IX, XU, (Vi). 
Kauffmann has further subdivided the factor XII into three 
components, XIIj, XII 2 and XII 3 , all of which are possessed by 
strain 901/0 and the great majority of strains of Salm. typhi. The 
component XIIj undergoes a form of qualitative variation which can 
be demonstrated in the same way as flagellar diphasic variation by 
testing colonies with a pure XII, antiserum. The culture of T/901/0 
used in these experiments is strongly in the XII»-dominant phase, as 
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have been all the suspensions prepared from subcultures of it and 
used latterly in this work. These suspensions, however, are also 
agglutinable by factor IX and factor XII3 antisera, though considerably 
less so than by XIIo antiserum. In order to determine whether or 
not any of the Imown somatic constituents of T/901/0 were heat- 
labile, pure antisera to factors IX, XIIj and XII3 were titrated 
against untreated and heated suspensions. Heating never reduced 
agglutinability to less than half. Kauffmann has also confirmed the 
heat stability of the components of factor XII in strain 901/0. Thus 
the phenomena shown by human and normal rabbit sera cannot be 
ascribed to any of these antigens. The demonstration (table III) 
that human sera fail to agglutinate unheated suspensions of any of 
the three 8alm. enteriiidis strains to a significantly higher titre than 
T/901/0 (heated) offers corroborative evidence for the normality of the 
somatic complex in suspensions of the latter. 

The salmonella antigen R has been described as showing a variable 
decrease in agglutinability without loss of absorbing power on 
boiling (Savage and White, 1925). In this connection it is interesting 
to note that Gardner (1928-29) records a 3- to 6-fold drop in the 
agglutinability by homologous 0 antiserum of suspensions of his 
Rawlings strain of Salm. typhi after boiling. This was accompanied, 
however, by an even more marked concomitant rise in agglutinability 
by “ rough ” antiserum, which led him to suggest that boiling might 
unmask a de-stabilising substance in the bacilli, perhaps by the 
removal of stabilising protein. Although antibody to salmonella 
R antigen is either not demonstrable or is present only to low titre in 
rabbit and human serum, it seemed possible that the low apparent 
titre might be greatly increased, in accordance with the law of 
optimal proportions, if only a small amoimt of R antigen were 
exposed on the surface of T/901/0. Against this were the observations 
that suspensions prepared from selected smooth colonies showed 
no sign of saline instability ; that the type of agglutination was 
characteristically coarse and in no way like the fine muddy agglutma- 
tion associated with R reactions ; that the antibody concerned wm 
readily removed by smooth suspensions of freshly isolated Sabn.^ typa' 
and Salm, enteritidis concerning which there can be no question 0 ^ 
roughness ; and that certain cultures of strain Vi(l), which certai j 
contained R antigen, did not give rise to any increase in titre 
T/901/0 on injection into rabbits (table 11). It has been recor e 
above that a suspension of a first generation rough variant of o 
enteritidis strain 12316/JT was able, by absorption, to reduce the 1 ^ 
of hiunan serum W.H. from 1 : 1280 to 1 : 160 but failed to 
antibody from human serum M.B. It also failed to remove signi ca 
antibody from two high-titre normal rabbit sera. This rough suspe^^ 
sion on injection into a rabbit behaved like strain Vi(l) in that 1 
the titre of the rabbit’s serum against tmtreated T/901/0 from • ^ 

to 1 : 320 without affecting that against heated suspension, 
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remained stable at 1 : 10. Absorption of this serum with smooth 
homologous suspension removed oil agglutinin ogoinst T/001/0 vrithout 
lowering its titre for the rough variant. The pure R antiserum so 
produced did not agglutinate either untreated or heated T/DOl/0. 
Thus the rough suspension which absorbed agglutinin from human 
serum W.H. cannot bo considered completely rough nor can the 
agglutination of T/901/0 by tliis serum bo regarded as a rough 
phenomenon. 

It has been pointed out that the litres of Saltn. typhi and Sahn. 
enterilidis 0-immune antisera may diifer by as much as four times 
when tested against untreated and heated T/901/0 suspensions. A 
few Salm. enteritidia 0 antisera hove been produced which show no 
difference in titre as between these same suspensions. Moreover, 
sera which show a fourfold difference in titre retain this characteristic 
after absorption with Saltn. enterilidis strains to produce component- 
specific XU antisera. Such anomalies of behaviour between different 
immune antisera and between human and normal rabbit serum in 
relation to freshly isolated strains suggest that some factor in the 
serum itself may play a dominant role in the phenomena described. 
It is possible, for example, that heating may so alter the physical 
structoe of the somatic complex of certain strains of Saltn. typhi 
that colloid is non-specifleaUy adsorbed from the serum, protecting 
the organism against antibody action. 

The possibility of inhibition of agglutination resulting from 
agglutinin deviation by soluble antigem'o components liberated from 
the suspension by boiling (White, 1931) was disproved by the fact 
that washing suspensions of T/901/0 (heated) in saline did not increase 
their agglutinability by cither human or rabbit sera. 

A discussion of the practical implications of these phenomena 
must await more information about their nature. It is clear, however, 
that the treatment by heat or alcohol of Saltn. typhi suspensions for 
use in the Widal reaction, or even prolonged storage or subjection to 
temperatures of over 60'’ C. overnight in the actual test, may pro- 
foundly affect the apparent titres given by human sera, even when 
the sensitivity of such suspensions is found to be normal on testing 
against rabbit immune antisera. 

SnjSIMABY 

1. The serum of normal rabbits agglutinates suspensions of Salm. 
typhi strain 901/0 and of freshly isolated strains after removal of Vi 
antigen to a markedly higher titre than similarly prepared suspensions 
of other salmonella types. 

2. Both human and normal rabbit serum may show a lugh titre 
against suspensions of strain 901/0, but a much lower titre against 
the same suspension after boiling or treatment rvith 76 or 60 per cent, 
alcohol. Tlus phenomenon is absent or apparent only to a slight degree 
in control e.xperiments ivith high-titre immune 0 antiserum. 
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3, There is an absence of proportional relationsliip between the 
titres for untreated and boiled strain 901/0, since the agglutinability 
of boiled suspensions by normal rabbit sera remains fairly constant 
whereas that of untreated suspension varies widely. 

4. Certain cultures of Sahn. typhi strain Vi(l) and a partially 
rough strain of Salm. enteritidis have been shown, by rabbit inoculation, 
to stimulate the production of agglutinins against untreated but not 
against boUed strain 901/0. 

6. Suspensions of freshly isolated strains of Salm. typhi, after 
removal of Vi antigen, showed little loss of agglutinability by normal 
rabbit serum after boiling, but against human senun some strains 
showed a fall comparable to that displayed by strain 901/0 ; others 
were stable to heat. 

6. It is probable that such heat-stable strains undergo a form of 
discontinuous variation towards heat lability and that tliis change 
is induced by artificial culture. 

7. Possible explanations of these phenomena are discussed in detail. 

1 wish to record my thanks to Colonel R. N. Phease, A.M.S., for his interest 
in and advice on many aspects of this work since its inception ; to Major 
J. E. Jamieson, R.A.JI.C., for the stimulus and interest which his correspondence 
vath me imported to the work ; to Capt. J. F. Freeman, I.A.M.C., for his 
frequent assistance ; to Dr Felix for his method of alkali treatment for the 
destruction of Vi antigen ; to Dr Joan Taylor for cultures of Salm. enteritidis; 
and to the D.M.S. in India for permission to publish this paper. 
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STAPHYLOCOCCAL HiEMOLYSINS ON SHEEP-BLOOD 
AGAR WITH EVIDENCE EOR A FOURTH 
HiEMOLYSIN 

K. E. 0. Wilujims and G. J. Hakpeb 

From the Medical Research Council Wound Infection Vnit^ 
Birmingham Accident Hospital 

(Plates XI-XIH) 

Staphylococcus aureus is known to produce two hajmolysins : a, which 
lyses rabbit and sheep red cells and is produced in greatest amount 
when the culture is incubated in carbon dioxide, and (3, which lyses 
sheep but not rabbit cells and is a “ hot-cold ” lysin. The existence 
of a third hajmolysin, similar to a, was suggested by the work of 
Morgan and Graydon 0936) ^nd of Llewellyn Smith and Price (1938). 
Although it has been usual to demonstrate haemolysin production with 
fluid cultures (c.j. MoFarlan, 1938 ; Cowan, 1038), several workers 
have used sheep-blood agar plates for this purpose (Naidu, 1934 ; 
Bryce and Rountree, 1930 ; Kojima and Kodama, 1939 ; Christie 
and North, 1941 ; Christie, North and Parkin, 1940) ; none however 
has reported any extensive investigation of the plate method compared 
with the tube methods. Because we desired to take advantage of 
the rapidity of the plate method in epidemiological surveys, we 
decided to test a number of strains of Staph, aureus by the two 
methods in parallel. However in a preliminary investigation of the 
plate method we obtained evidence for the existence of a hEemolysin 
that is apparently distinct from the classical hiemolysms, and since 
it caused some confusion in the reading of the plates, we made a 
number of investigations into its nature. 

Methods 

Plate tests. In the first place we investigated the conditions in which strains 
of Staph, aureus hnown to produce a-hsemolysin in fluid cultures gave the 
widest zones of hsemolysis on blood-ngar plates. Either rabbit or sheep blood 
could be used, but sheep blood gave the more clear-cut results and its use 
allowed the recognition of /5- os well as a-htemolyain. After most of the pre- 
liminary investigations had been completed it was found that the blood supplied 
for Wassermann teats, containing O'l per cent, formaldehyde, was satisfactory 
for routine use. 

The zones of hemolysis were wider in plates containing 2 per cent, blood 
than in those with 6 or 10 per cent, (table I), but alterations in the thickness of 
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the agar, 'snth constant blood concentration, made verj- little diEference. 
Incubation in air containing added carbon dioxide n-as found essential for 
the production of good zones. The plates could bo read after 24 liours but the 
optimum time of incubation appeared to be about 48 hours. 

Table 1 


Effect of blood concentration on width of a.-ha;moli/tic cone 



Each figure represents the mean of four tests, on ditforent plates. All plates 
contained 15 c.c. agar and n-ere incubated for 48 hours in air +30 per cent. COj. 


A plate containing 2-0 units of a-antitoxin per c.c. of medium was alwaj’s 
included as a control ; the effect of increasing the antitoxin concentration in 
the control plate is shown in table II. The hazy-edged zone of htemolysis, 

Tasz^ n 


E^ect of antitoxin on the hcemolytic zone around colonics of 
Staph, aureus 


a-antltoxln (units 
per c.c.) 

Width ofha’molvtic zone 
from colony edge (mm.) 

Nature of edge of 
hocmolytlc zone ' 

0 

5-1 

Hazy, duo to a-lj’sin 
(fig. 1, IC) 

0-3 

2-9 ■ 


0-6 

2-2 

Cloar-eut, due to S- 

1-2 

1-5 

• lysin 

2-4 

1-2 

(fig. b H?) 

J 

4-8 

0-7 


which, as discussed below, seems to be due to the a-htemolysin, was absent 
from plates containing as little as 0-3 unit per c.c. ; we subsequently adopted 
2 units per c.c. for our routine plates as a convenience to reduce the width of 
the residual clear-cut haemolysis that is less affected by the antitoxin. 

Inoculation was most satisfactorily carried out with a straight wire charged 
from a colony on a solid medium and stabbed perpendicularly into the agar, 
16-20 strains being inoculated on to one four-inch plate. A test showed no 
detectable difference in the size of the hajmolytic zones produced by 10 colonies 
arising from 10 consecutive stabs made without recharging tl)o wre, so the 
test and control plates were routinely inoculated without intermediate recharging- 

Tabc tests. The tube tests for hjcmolj'sin production were carried out bv 
the method of McFarlan : the cocci were grown for two days in nutrient 
in air containing 30 per cent, carbon dioxide, and the broth was then tested 
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against rabbit red cells. A control containing 10 imits a-antitoxin per c.o. 
■was included for each strain. 

Source of strains. The strains of atnphylococci and other organisms were 
isolated from routine cultures of wounds, noses and skins ; they were usually 
examined within tliree weeks of isolation, being stored in nutrient broth at 4° C. 
until tested. Organisms were regarded as being Staph, aureus if they gave a good 
positive reaction with the slide test of Cadness-Graves and co-workers (1943) 
or with tube tests no. 8 or 9 of "Williams and Harper (1946). 


Bestots 

EmctioM observed on sheep-blood agar plates 

Fig. 1 shows the reactions observed ■with four different strains of 
Staph, aureus producing (I) a-hsemolysin, (11) yS-hsemolysin, (III) both 
a- and (S-hsemolysins, and (IV) no detectable htemolysin when 
inoculated on sheep-blood agar and incubated as shown in the legend. 
The reactions in column A resemble those recorded by previous 
workers, except that the zones of hsemolysis on our aerobic plates 
were narrower than those illustrated by others. This may have been 
partly due to the small amount of formaldehyde in the blood, which 
appears to have a very slight inhibitory effect on the luemolysis. 
It may also be that our sheep blood contained more natural antitoxin 
than theirs, for after completing the greater part of this ■n-ork we 
found that wider zones of hsemolysis were produced on plates containing 
washed sheep cells in place of whole blood (fig. 2), and a test of one 
sample of the plasma from our blood showed that it contained about 
4 units of and 12 units of jS-antitoxin per c.o. Munoh-Peterson 
et al. (1945) record a similar observation. 

The hazy-edged zone of hsemolysis (fig. 1 ; 10) is that due to the 
a-haemolysin. It is neutralised by small amounts of o-antitoxin, its 
production by different strains runs qualitatively parallel -with a- 
hsemolysin production as determined by the tube test (see below), 
and it is produced best when the cultures are grown in air containing 
carbon dioxide. A central zone of clear hsemolysis surrounded by a 
wide zone of darkening or of partial hsemolysis characterises strains 
producing )S-hsBmolysin (fig. 1 ; IIA, IIIA)'; this reaction is produced 
almost equally well in air without and in air ■with carbon dioxide 
(c/. A and C) ; the degree of hsemolysis is increased by refrigeration 
(E and F) ; and, though not illustrated, -the hsemolysis is neutralised 
by an antiserum containing jS-antitoxin. It is clear from fig. 1 (II and 
III) that there was no notable difference in the plate reactions of 
strains producing or a- and (S-hsemolysins. 

The plate containing a-antitoxin and incubated in carbon dioxide 
(ID) shows a narrower zone of hsemolysis than that without antitoxin, 
and the margin of the zone is sharp rather than hazy. But the 
haemolysis is not neutralised by the 2 units of antitoxin per c.o. and 
indeed it is not always completely neutralised by as much as 128 
units per c.o. This residual haemolysis, which we refer to as “ S ” 



72 


R. E. 0. WILLIAMS AND G. J. HARPER 


arid attribute, for the sake of convenience and -vrithout committinc' 
ourselves to any opinion about its real nature, to a “ S-hcemoIysin ”, 
is apparently distinct from that due to both a- and jS-haemolysins. 


Characteristics of the h-hcemolysin 

The characteristics attributable to the S-hsemotysin are set out 
and compared with those of the a- and /8-hgemoIysins in table III. 
We observed the S-haemolysin effect •ndth aU the strains of Staph, 
aureus that produced either a- or j8-hsemolysin, but not with any 
that produced neither of these nor with any coagulase-negative strains. 

Table III 

Comparison of hcBmolysis due to a.-, /3-, and S-lysins 




<x 

/S 

s 

Plate 

Demonstrable in air without added COj 

± 

+ 


cultures 

Demonstrable in air with 30 per cent. COj . 
Demonstrable on plates buffered to pH 6 

■h 

+ 

+ 


(in air) . . . .... 

Zone increased by refrigeration after 

± 

+ 

“h 


incubation ...... 

Zone reduced by small amounts of a- or 



Very 

slightly 


a^-antitoxin (see table II) . 
Demonstrable on plates containing red 
cells of : — 


-b 


Babbit ...... 


— 

-b 


Sheep ...... 

Man, monkey, horse, rat, mouse, guinea- 


-L 

-b 


pig 

Effect on specified hemolytic zone of 
previous action of /S-hemolysin on the 

Trace 


-b 

Fluid 

blood agar (see fig. 3) . 

Hemolysin demonstrable in broth cultures 

Decrease 

No 

effect 

Increase 

cultures 

incubated in air-f-COj .... 


-b 



Hemolysin demonstrable in semi-solid agar 
cultures incubated in air-j-COj 

-f 

-b 

Occasionally 


We never demonstrated the presence of a S-hsemolysin in broth 
cultures of Staph, aureus, even when the cultures were incubate 
under carbon dioxide or were buffered to pH 6. The lysin vas 
however produced by some strains when grown in broth conta^ng 
0‘3 per cent, agar, and it seems likely that the anomalous hsemo^sin 
mentioned in a previous paper (Williams and Harper) was in ac 

the S-haemolysin. , 

The only method that we found consistently satisfactorj 
obtaining the S-hasmolysin in a fluid medium was that descri ® ^ 

Birch-Hirschfeld (1933-34), namely growing the cocci on the 
of a sheet of cellophane laid on nutrient agar and washing the gro 
off each plate with about 1 -o c.c. of saline. Twenty strains tes <; 
tliis way all showed, in the supernatant fluid from the cen ug 
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washings, a hsamolysin active against a 1 per cent, suspension 
of human red cells — a charaoteristio distinguishing it from either a- or 
^-hffimolysin — to a titre of at least 1 : 8 and up to 1 : 512 in some 
cases ; the lysin was not neutraUsed by 20 units of a-antitoxin per o.c. 
The cellophane appears to prevent the diffusion of the lysin into the 
agar for, although S-hjemolysin activity could be demonstrated from 
the surface gro^h of plain agar plates, its titre, in foim experiments, 
was less than that in washings from cellophane-agar plates. 


T/ie nature of the i-hmmolysin 

There seems no doubt from the evidence presented that the 
hcemolysis observed on sheep-blood agar plates containing antitoxin is 
distinct from that due to the a- and jS-ha:molysins ; the wide variety 
of bloods on which it is active is also evidence against its being a 
manifestation of the aj- or y-hffimolysins of Morgan and Graydon and 
Llewellyn Smith and Price respectively. 

In 1941 Christie and Graydon observed that all the strains of 
Staph, aureus that produced hydrolysis of butter fat also produced 
hemolysis in areas of sheep-blood agar that had previously been 
attacked by the staphylococcal ;8-h£Bmolysin. We refer to this type 
of haemolysis as " ^-conditioned hajmolysis ”. The haemolysis illus- 
trated in their paper closely resembles that which we have observed 
with strains of Staph, aureus on antitoxin-containing sheep-blood 
agar incubated in carbon dioxide ; that is, the bsmelj^is we have 
attributed to the S-lysin. We thought that the S-lysin might be the 
same as the lipolytic enzyme of Christie and Graydon and that the 
sheep red cells attacked by the ^-haamolysin were, by that attack, 
made susceptible to the action of the 8-ha!molysin in air, although 
without this preparation the cells could be lysed only when the plate 
was made acid or incubated in carbon dioxide. This idea gained 
strength from the observation that all of 100 unselected strains 
of Staph, aureus were lipolytic on a butter-fat plate, and similarly 
all of a number of strains of Staph, aureus tested have shown 
both the /S-conditioned lysis on aerobic plates and potentiation of 
the S-lysis by ^-hsemolysin on antitoxin plates incubated in carbon 
dioxide. 

There are however a number of observations suggesting that the 
S-hsemolysin in not the same as the lipase. Thus we were able to 
separate the S-hsmolysin from the lipase by the method described 
by Birch-Hirsohfeld (1936-37) : supernatants from cultures of Staph, 
aureus grown on cellophane on agar were precipitated with alcohol 
and ether, and the precipitate redissolved in saline. This saline 
solution had no action on human cells, but stdl contained a lysin 
active against rabbit cells and neutralised by a-antitoxin (table IV). 
The presence of lipase was demonstrated by putting a few drops of the 
fluid, to which penicillin had been added to prevent the growth of 
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staphylococci, into penicillin-assay cylinders on agar plates containing 
0*1 per cent, washed butter fat and 0-005 per cent, neutral red. The 
esterase was present in almost equal titre before and after precipita- 

Tabue IV 


Separation of 6- Jroyn tt-hcEmolysin by alcohol and ether precipitation 



Original extract 

Extract after 
precipitation 
and redl'eolvlng 

Titre for rabbit cells in tube ..... 

1 : 128 

1 .-64 

Titre for human cells in tube .... 

1 : 32 

0 

Titre for sheep cells in tube ..... 

1 : 8 Tr. 

1:2 

Titre for human cells in plate * . . . . 

1 :32 

0 

Esterase titre on butter-fat plate * . 

Units per c.c. staphylococcal a-antiserum required to 
neutralise hjemolysis of ; — 

1 : 64 

1 : 64 

Rabbit calls ....... 

>320 

<10 

Human cells ....... 

>320 

<10 

Sheep cells ....... 

Tr. in all, 
i.e. >320 

<10 


Tr. = trace. 

• Extracts tested In penlcUlin-assay cylinders on 2 per cent, human red cell, or 0-1 per cent, butter-fat 
plates respectively. 


tion. Birch-Hirschfeld described the separation by this precipitation 
of the tributyrin esterase from the “ haamolysin ” but her method 
of estimating hsemolysin would detect a-, or S-hfemolysm and it 
may be that the reduced titre that she observed was due to a reduction 
in the S-haemoIysin titre. 

Furthermore the phenomenon of ^-conditioned haemolysis is not one 
manifested only by Staph, aureus. CSiristie and his colleagues (Christie 
and Graydon, 1941 ; Christie etal., 1944 ; Munch-Petersen etal., 1945) 
demonstrated the phenomenon with all strains of group-B strejitococci 
and with some “ air-bome ” micrococci and contaminants. We too 
have observed it with micrococci, as well as with an aerobic spore- 
bearing organism and an unidentified mould isolated as contaminants 
on routine sheep-blood plates ; none of these organisms produced 
hmmolysis of the S type on sheep-blood plates incubated in carbon 
dioxide. And although aU strains of Staph, aureus that showed 
conditioned hmmolysis also showed hydrolysis on a butter-fat plate, 
this was not true of other organisms. Of 20 coagulase-negatne 
staphylococci, we found 13 which showed both ^-conditioned hfemo y»JS 
and a butter-fat esterase, one which showed the former onIJ^ our 
w’hich showed the latter and two which showed neither. The group- 
streptococci were not lipolytic, nor was the mould or the 
The lack of association between lipase production and abilitj 
produce ^-conditioned hmmolj'sis seems against the view la > 
lipase is responsible for the hmmolysis. 
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The fact that many organisms produce ^-conditioned haemolysis 
but no S-hsemolysin active against human red cells or demonstrable 
on a sheep-blood plate incubated in carbon dioxide suggests either 
that the S-haemolysin is not responsible for the ^-conditioned hemolysis 
produced by Slaph, aureus or that such brnmolysis can be produced 
by a variety of agents. Tentativelj', we suggest that the ^-hmmolysin 
acts on the sheep cells in some way so as to increase their susceptibility 
to lysis by ; (1) cold, (2) some agent or agents in cultures of Staph, 
aureus, group-B streptococci, etc., growing aerobically, and (3) the 
S-hfemolysin produced by Staph, aureus grown in carbon dioxide. 

In connection with )S-oonditioned haemolysis there are two further 
points of interest. Firstly, as sborvn in fig. 1, jS-toxigenic strains of 
staphylococci produce a clear zone of haemolysis central to the 
darkening due to the hot-cold lysin. The clear zone was thought 
by Bryce and Eountree to be due to the a-iissmolysin, but we have 
found it equally obvious with strains producing no demonstrable 
a-biemolysin in tube teats, and we consider it another example of 
^-conditioned hsemolysis, both the conditioning and the hasmoly'tic 
agent being produced by the same colony. Secondly, four strains of 
Cl. welchii stabbed into sheep-blood plates and incubated anaerobically 
produced a zone of darkening which became clear on refrigeration, 
just like that produced by the staphylococcal /S-h®molysin ; tliis 
“hot-cold ” lysis was shown by von Heyningon (1941) to be due to 
the 01. uxlchii a-tordn. Staphylococci stabbed into the zone of 
darkening produced hemolysis of the “ )3-conditioned ” type (fig. 4). 
There was no cross-neutralisation of the Cl. welchii hsmolysis by the 
staphylococcal jS-autitoxin, or conversely. 


The use oj sheep-blood agar plates 

Comparison of plate and tube methods for detecting hcemolysin 
production. Using the criteria for the diagnosis of a- and /S-h»molysins 
discussed above, and requiring that any hsmolysis on the control 
plate should be of the sharply defined S-variety, we tested 287 strains 
of coagulase-positive staphylococci (237 toxigem’c and 60 non- 
toxigenio) in parallel by the plate and tube methods. There was 
complete agreement in the results. In the course of routine investiga- 
tions 2267 strains of Staph, aureus (some being repeat strains from 
one wound) were tested on plates ; of these, 2108 wore regarded as 
producing a-h®molysin, 42 as producing /S-h®molysin and 117 as 
producing neither hamolysin. Since the /8-h®molysin masks the a 
on the plate, tube tests were performed on the 42 strains showing 
^-h®molysin ; 29 (69 per cent.) produced ct-h®molysin as well. Of 
the 117 strains producing no hsemolysis on the plate, 27 (23 per cent.) 
produced some a-hsemolysin in a tube test, although in 19 the 
hemolysis was weak. The plate test therefore missed 66 of the 2164 
a-to.xigenic strains, 27 being false negatives on the plate and 29 
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^-toxin producers and therefore unrecognisable as a-toxin producers 
on the plate. If washed sheep cells are used instead of whole blood, 
up to 10 per cent, of strains can be shown to produce some jS-hjemolysin’ 
and a greater proportion have therefore to be tested in tubes to 
determine a-haemolysin production. 

We also tested on the plates 152 strains of coagulase-negative 
staphylococci and micrococci, 16 strains of coliform and 11 of diph- 
theroid organisms, and nine strains of Str. pyogenes. None gave a 
positive result as we have defined it. 

Sheep-blood agar plate for rapid recognition of Staph, aureus. The 
sheep-blood agar plate may also be used for the detection of Siayh. 
aureus in mi x ed cultures in the way suggested by Penfold (1944) 
and Reid and Jackson (1945) for the plasma-agar plate. Pig. 5 
shows a sheep-blood agar plate, inoculated from a swab containing 
Staph, aureus and micrococci, after overnight incubation in air 
containing 30 per cent, carbon dioxide ; two drops of staphylococcal 
antiserum had been spread over half the plate before inoculation. 
The colonies of toxigenic Staph, aureus are readily distinguishable on 
the test half by the haemolysis, and this zone of haemolysis is far easier 
to recognise than the halo on the plasma-agar plate. Furthermore 
only about 0-25 c.c. of sheep blood is required for each plate, compared 
with about 2*5 c.c. of a specially selected sample of human plasma 
for the plasma-agar plate. 

Discussion 

We had some evidence from previous work (Schwabacher ei al., 
1945) that a-toxigenic strains of Staph, aureus were more pathogenic 
for wounds than non-toxigenic strains, and we wished to include 
determinations of toxin production in surveys of staphylococci isolated 
from wounded patients. The number of strains to be tested would 
have made the use of a tube technique extremely laborious, and 
accordingly we decided to test the rehability of the sheep-blood agar 
plate. Preliminary experiments showed that, in our hands, no more 
than a narrow zone of haemolysis was produced when the plates were 
incubated aerobically, and in view of the recognised importance of 
carbon dioxide in the production of a-haemolysin in fluid cultures, we 
incubated our plates in air containing carbon dioxide. An antito^- 
containing plate was always inoculated in parallel as a control. We 
can find no record in the literature of the systematic use either of an 
antitoxin control or of incubation of the plates in carbon dioxi e, 
although Rountree (1936) used such enrichment in her studies ot 
a-S variation, and Rigdon (1938-39) made some observations witn 
antitoxin plates incubated aerobically. These two omissions e 
the failure to recognise the hmmolysis that we have referred to as • 

As a method of identifying a-toxigenic Staph, aureus, the pa 
test is confusing at first because of the S-type of hmmolysis on 
antitoxin-containing control plate, but with a little expenence i 
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easy to distinguish the two types of lisemolysis and to recognise the 
a-toxigenic strains. The fact that the plate method fails to demonstrate 
about 2 per cent, of the a-toxigenic strains, while the jS-hsemolysin 
masks the a on the plate, means that all apparently negative and all 
evidently ^-toxigenic strains must be tested in a tube before being 
classed as non-a-toxigenio. 


SnamABY 

Nutrient agar plates containing 2 per cent, sheep blood, incubated 
in air containing 30 per cent, carbon dioxide, were found reliable for 
the detection of hsemolysin production by Staph, aiiretis. Of over 
2000 strains tested, 117 produced no hremolysin on the plates and 
only 27 of these yielded any hiemolysin in tube tests. It was not 
found possible to distinguish on the plate strains that produced ^-toxin 
alone from those producing both a and /8. 

The plates could also be used for the rapid detection of toxigenic 
Staph, auretis in mixed cultures. 

On sheep-blood plates containing a- or aj5-antitoxin, a type of 
hsemolysia was produced that is distinct from that due to the a- or 
jS-hsemolysin. It was produced only when the plates were incubated 
in air containing carbon dioxide, but it was equally active on a 
variety of mammalian bloods, including human. We suggest, 
tentatively, that it should be referred to as the S-h^molysin. 

We are deeply indebted to Dr A. A. Miles for advice throughout this work, 
to Dr R. Knox for helpful criticism of the paper, and to Dr H. J. Parish for the 
supply of staphylococcal antisera. The photographs trere taken by the hospital 
photographic department. 
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THE EFFECTS OF TEMPORARY OCCLUSION OF 
THE RENAL ARTERY IN RABBITS AND ITS 
RELATIONSHIP TO TRAUMATIC URAEMIA 

A. W. Badenooh and E. M. Dabmady 

From the Jt.A.F. Bospital, Wroughton 

(Plates XIV-XVII) 

Since the classical description of crush anuria (Byiraters and Beall, 
1941 : Beall el al., 1941) increasing interest has been focussed upon 
the uraemic syndrome which follows severe injury, incompatible blood 
transfusion, blackwater fever, etc. This syndrome has been largely 
attributed to a nephrotoxm arising from damaged muscle or hsemo- 
lysed red blood cells (Bywaters and Bible, 1942). More recently it 
has been suggested that the primary mtiologioal factor may be renal 
anoxia caused by diminution of blood supply to the Iddney (Tomb, 
1942 ; Maegraith and Findlay, 1944 ; Darmady et ah, 1944). Some 
confirmation of this view was given by Coumand et al. (1943) and 
Bauson et al. (1944), who demonstrated that in shook there is a 
marked alteration in renal blood flow, not to be accounted for by 
changes in blood pressure or pulse rate ; they attributed the change 
to spasm of vessels. It was thought, therefore, that temporary 
occlusion of the renal artery might throw some light on this as a 
possible mechanism. 


BeVIEW of the UTERATtmE 

Experiments on partial interference with the blood supply to the Iddney 
may be subdivided into (1) those in which the veins were occluded, (2) those 
in which both artery and vein were clamped or ligatured, and (3) those in which 
the arterial supply alone was obstructed. 

In the first group — venous occlusion — the early work appears to have been 
concerned with the production of chronic passive congestion. Thus Bobinson 
(1843, quoted by Bowntree et al.^ 1913) produced enlargement of the kidney, 
followed by caste and blood in the urine. This work appears to be confirmed 
by the majority of workers mentioned by Bowntree et al. Paneth (1886, quoted 
by Bowntree et al.) seems to have been the first to establish the fact that 
obstruction of the venous return is followed by oliguria. Similar finding are 
reported by de Souza {1900-01) and Ignato^ky (1905). These workers were 
concerned only with keeping their animals alive for a short time — up to four 
days — and it was left to Bowntree et al. to try the effects when life was prolonged. 
They placed constricting bands either on both renal veins, or on ono renal vein 
after the other kidney had been removed. They conclude that no permanent 
damage is produced by partial occlusion of one vein, but when both are 
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The remainder of the work on clamping of the renal arteries has been done 
with the object of producing Iiyportension, and is therefore not nhvnj^s relevant 
to the present study. Some of tliese workers, however, comment on the fact 
that partial clomping of renal arteries in dogs and rats results in death in 
uTc'emin accompanied by excessively raised blood urea (Goldblatt, Lynch 
et al, 1934 j Goldblatt 1937-38 ; Wilson and BjTom, 1039 j Goldblatt, Weinstein 
and Kalm, 1941). Pickering and Prinzmetal (1037-38), working on the same 
subject and discussing the relationship of renal blood flow and renal ischa3mia, 
state that partial compression will lead to death in some animals 60-60 hours 
after operation. At autopsy the kidney is enlarged and soft. Section reveals 
patchy necrosis of kidney cells and many hicmorrhagos are soon. Tlio tubules 
and glomeruli are distended with albuminous fluid. In other areas tlio kidney 
cells appear to be intact. 

Maegraith and Maclean (1942), in carrying out clamping exj^riments in 
animals, showed that in many there were extensive degenerative changes in 
the renal tubular epithelium, soma distension of tubules and often costs. 
Vemey and Vogt (1943-44) studied tho effects of temporarj' clamping for 2-60 
seconds. In some animals they found hypertension and anuria even after 
this short period of clamping, and suggest that this may bo duo to continued 
spasm of the renal artery. 

Phillips et al, (1946-46), working with dogs, found that when shock was pro- 
duced by bleeding or trauma the blood flow through the kidneys progressively 
decreas^, and that when a certain degree of shock was reached — attained 
by loss of 40-46 c.c. of blood per kilo — both renal blood flow and the fraction of 
water filtered in the glomeruli fell to ahtwwt zero levels. In other experiments 
by tho same investigators (Van Slyke et al.^ 1044), one kidneyof each dog was 
removed and the flow of blood through tlie other was stopped for varj'ing 
periods by clamping the renal artery. It was found that tho duration of renal 
isohoemia thus produced bore a direct relation to mortality rato. Tlius dogs in 
which ischicmia was maintained for three hours were all capable of recovering, 
although there was urea retention for several days. Of those clamped for four 
hours, 60 per cent, died in uraemia 4-8 days later, whereas no dog was capable 
of withstanding ischajmia for six hours. Histologically there was damage to tho 
distal tubules but the glomeruli were unaffected. 

‘ Experimentai, methods 

' General procedure and dietetic meaeures. The rabbits used in these experi- 
ments were obtained partly by home breeding and partly from the animal 
‘ farm of the Experimental Station, Porton. Their weight varied between 1-8 
and 3-2 kg. Young adults were u^ed as far os possible. In order to ensure 
’ an alkaline urine a carefully controlled diet consistmg of green vegetables five 
’ days a week and root vegetables on the remaining two days was given. This 
* was supplemented by oats and bran (Yorko and Nauss, 1911-12 ; Baker and 
5 Dodds, 1926). The maintenance of alkoline urine throughout tho experiment 
0 was considered desirable, since it has been suggested that acidosis might bo one 
f of the chief etiological factors, and also since Bywaters (1946) has suggested 
that early correction of tho acidosis is the underlying principle in treatment. 
On the day of operation the rabbit was storved and only water given. Following 
operation a free supply of water and foodstuff was made available, but there 
7 was no supplementary administration of water, os by stomach tube. 

Operative procedure. The animals were anresthetised, during operation, 
vj with a mixture of ether (80 per cent.) and absolute alcohol (20 per cent.). The 
ft’ operative procedure, carried out by A. W. B., consisted in exposing each kidney 
v*' separately through an incision in the lumbar dorsal aponeurosis. Caro was 
taken not to damage or open the peritoneum, which was stripped off the front 
pf the kidney with the tip of the index finger. The left kidney was delivered 
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first and a careful dissection made to separate the artery and vein. Wien the 
arterj* had been freed, a clamp similar to that described by Pickering and 
Prinzmetal wm introduced over the artery only. The clamp'iras constnicfra 
so tliat the distance between the two limbs was approximatelj’ 0-5-0-0 mm. 
The distal ends of the clamp were tied together, and the renal arlerv slid into 
the “ V ” of the clamp until a “ snug ” fit was obtained. The kidney. art?n- 
and clamp were then returned to the normal renal position. The lumber dor^il 
aponeurosis was secured with a temporary stitch and the skin edge clipped. 
It was hoped by this means to produce a standard degree of compression. 
Through a new incision the right kidney was similarly exposed, and remove!, 
the lumbar dorsal aponeurosis securely sutured by intemipted thread stitches 
and the skin edges approximated by clips. The nephrectomy ser\-ed a three-foW 
purpose. It allowed the right kiiiey to bo used as a histological control, it 
obriated the difficulty of maintaining two clamps in position and, since the right 
kidney is higher and the renal arteiy shorter and wore difficult to isolate, it 
shortened the length of the operation and diminished “ shock ”. Followinc 
the operation, the animals were allowed to recover consciousness. The clamp? 
were left in position for periods ranging from 1 to 2 hours, care being taken 
that the variation in the length of clamping was not always done on the same 
day. At the end of the required period of clamping, the am'raal -vras 
re-amesthetised with the same mixture, the clamp removed and the wound 
securely closed. 

Biochemical investigations. Although no attempt was made to measure 
urinary excretion against water ingestion, the urine was tested with litrauj 
paper to confirm that the reaction was alkaline. The degree of urea retention 
was assessed by the blood-urea level, since this, in human cases of traumatic 
urremia, shows the most marked variation. It was estimated before operation 


Tabue I 


Serial hlood-urea levels (mg. per 100 c.c.) in ten control animals 
(nephrectomy without clamping) 


Eabbit 

no. 

Weight la g. 

. 

Blood-urea levels 




BemitV! 

Pre- 

operatfve 

Days oner operation 

Initial 

Final 

0 

5 

B 

B 

15 

19 

£S 

41 

2808 

2892 

60 

54 

55 

30 

33 

41 

80 

52 

\ 

42 

2706 

2790 

50 

64 

40 

48 

33 

46 


46 

With 

44 

2780 

2848 

86 

56 

40 

26 


51 

62 

52 

clarop? 


2808 

2864 

88 

64 

30 

27 

34 

47 

98 

60 


46 

31 16 

3134 

60 

122 

30 

33 

50 

53 

64 

... 

( 1 

61 

3144 

3280 

41 

64 

63 

34 

44 


40 

31 


62 

2836 

3032 

98 

80 

56 

52 

62 


40 

44 

1 Without 

63 

3206 

3318 

48 

76 

88 

48 

42 


40 

38 

f clamp? 

64 

3032 

3016 

46 

88 

60 

34 

41 


31 

42 

i 

65 

2920 

3060 

42 

64 

68 

35 

54 

, 

* 

30 

62 

J 1 


and at varj'ing intervals post-operatively. In -view of 
(1935) in guinea-pigs and Corcoran and Page (1943) in dogs, m ^ , .j,, 

was induced by repeated bleeding, it was ‘hfught inadvisable to 
animals frequently. Tire quantity of blood used was lumted 7' “ 

obtained from the marginal ear vein. The estimation was carried 
to the technique of Archer and Kobb, using an Ogal colorimeter. of 

Description of the experiment. The rabbite ° 

ten. The first series was kept as a control. In it the same opera J 
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and double anesthetic were used, except that in five animals a clamp was 
introduced but not closed over the artery, while in the remaining five a clamp 
was not even introduced. In each case right neplirectomy was performed. 
This gave some indication of the rise in blood urea following the operative 
procedure, including neplirectomy. All these animals survived for 28 days 
and were subsequently killed j the rise in blood urea did not exceed 120 mg. 
per 100 c.c. (table I). 

In the remaining tlu«e series the renal arteries were clamped for periods 
of 60, 90 and 120 minutes. 

Results 

These are summarised in table II, which shows that the mortality 
rate is directly proportional to the period of clamping, being 100 per 
cent, in animals whose renal arteries wore clamped for 120 minutes, 


TABr£ H 
Experimental series 


mmm 

Control 

Period of cl&mplng (minutes) 

Number 

BhoTrius 

same 

renal 

changes 

Kenal 

hJstoJo^ 

grade 

CO 

00 

120 

3.0 

7.15 

28 

0 

0 

0 

10 

0 

1\20 per 

1 / cent. 

8 

J) 60 per 
jJ cent. 

4 

5 1 100 per 

J j cent. 

0 

6 

8 

4 

12 

I 

U 

m 

rv 

l^vunber of rabbits used 

10 

10 

10 

10 


... 


as compared with 60 per cent, and 20 per cent, in those which were 
clamped for 90 and 60 minutes respectively. Naturally the period of 
i survival shows the converse relationship. Of animals whose arteries 
were clamped for 120 minutes, 40 per cent, died within two days and 
another 50 per cent, within seven days, leaving only 10 per cent, 
which were able to survive into the second week. Of those in which 
^ the arteries were clamped for 90 minutes, only 20 per cent, died witliin 
^ two days, 20 per cent, within three to seven days, and 20 per cent, 
between seven and fifteen days. Both the animals which died after 
clamping for 60 minutes were able to survive more than five days. 

I Results of the biochemical investigation 

^ Before passing to the study of the histology of these animals, 
consideration of the effects of temporary clamping on urea retention 
is essential. Table I shows that in the controls a rise exceeding 
120 mg. per 100 c.o. is unlikely. It is of interest to note that in the 
animal showing the greatest rise in blood urea a clamp was introduced 
but not closed. It is possible that during the return of the kidney 
^ to the body cavity kinking of the artery around the clamp occurred, 
T^-ith the resulting abnormal rise. 
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Tables III-V show the serial blood-urea levels in animals of 
similar survival period and, as will be sho\vn, approximately the same 
renal histologj’-, four grades of which are recognised. Those surviving less 
than two days all showed an immediate rise of blood urea (table III). 

Table m 


Blood-urea levels {7ng. per 100 c.c.) in rabbits surviving for less than two dtvji 
after oeclusion of the left renal artery and right nephrectomy. (i?caal 
histology, grade I) 


Babbit no. 

Initial weight In g. 

Bloot 

Pre-operative 

-urea levels 

Days aOer operation 

Period of climpbs 
(mins.) 

1 

o 

2 

2864 

63 

188 

276 

— 

6 

3032 

57 

144 

176 


. 8 

3234 

70 


280 


10 

1872 

62 


148 


13 

2566 

62 


168 


14 

2510 

62 

■ 

212 



Animals dying in from three to seven days showed a more gradual 
rise in blood urea (table IV), although two rose to quite abnormal 
levels, namely rabbits 7 (700 mg. per 100 c.c.) and 68 (1160 mg. per 
100 C.C.). 

Table IV 


Serial blood-urea levels (mg. per 100 c.c.) in rabbits surviving for 3-7 days after 
occlusion of the left renal artery and right nephrectomy. (Renal histology, 
grade II) 


Babbit no. 

Initial weight 
In g. 

Blood-nrca levels 

Period of 

eUmplng 

(mins.) 

Pro -ope native 

Days oner operation 

2 

3 

4 

s 

IHIH 

2920 

60 

432 

B 

700 

Died 


g 

2082 

62 

136 

nn 

628 


... 







Died 




11 

1900 

46 

160 

■ 

424 


... 

120 






Died 




12 

2622 

44 

184 

228 

... 



120 





Died 





17 

2566 

66 

208 


528 

Died 

00 

ort 

22 

2808 

72 

142 

... 

Died 


... 

120 

47 

3116 

34 


... 

328 


... 






Died 




68 

3346 

53 

164 

... 

1160 



cu 





1 

Died 







O 


^9 

C 

■ 

||B|B 

48 

49 

3262 

3178 

30 

33 

■ 



450 

m 



Rabbits 48 and 49 are not included in table II. 
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Four rabbits which survived for 7-15 days (nos. 6, 21, 26 and 33) 
and in which the kidneys showed the histological appearances classed 
as grade III are of special interest. The blood-urea levels are charted 
(fig. 1) for comparison with a similar chart (fig. 2) prepared from four 
human cases of traumatic ureamia reported elsewhere (Darmady 
e( al., 1944, case 4 ; Darmady, 1946-47, cases 9, 10 and 14). Both 
show a gradual rise in blood urea over the course of a few days until 

BLOOD 



I 2 ■} 4 5 6 r 6 9 to u 12 
c/aye. 


Fio. 1. — Serial blaod*iireo estimations in four rabbits with renal histology grade TT T , 
showing the rise in the blood urea of rabbits 6, 21, 26 and 33, which were able 
to survive 7*14 doys after temporary occlusion of the lenal artery in the unilateral 
nephrectoroised animal. The ability to survive for o period of days at abnormal 
levels is notable. 


the level reached is quite abnormal (200 mg. per 100 o.o. or more), 
and continued survival for several more days, even with the blood 
urea at this level. 

Table V shows the serial Wood-urea levels in 12 animals which 
survived clamping for 28 days and were then killed. The particular 
features of this group are only obvious when compared with those 
in the control series (table II). 

Although urea retention is not perhaps so marked as in the three 
previous experimental groups, it is certainly greater than in the 
control group. A point of interest is the secondary rise which occurs 
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BLOOD 



Fio. 2. — Serial blood-urea ostitnafcions in four fatal (human) cases of traumatic uncnun. 
The abnormal levels and the ability of the body to vritiistand these le^’els are 
Btmilar to those sliown in fig, L 


Table V 

Serial blood-urea levels (rnjr. per 100 c.c.) in rabbits killed on the 28fA day 
after damping of the left renal artery and right nephrectomy. (Benal 
histology, grade IV) 


JUbbU 

no. 

tVctRht (B.) 

Bloo4-\irca levels 

1 

1 Ffrtod ef 1 

1 clJtnrl'S 1 
[ (alai.) j 

5 

Pre- 
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Days after operation 
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Final 

1 

2 

4 

<5 

s 

40 

12 

14 

18 

£1 

23 

1 
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51 
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||M 
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m 1 
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64 

< . . 
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H 
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41 
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@0 
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54 
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60 

33 

45 
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2510 
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in some of the animals about the tenth day. A similar phenomenon 
is seen in the experimental group which showed grade III renal 
histology (fig. 1). The significance of this secondary rise is not 
understood. The rise in the blood urea suggests that interference 
with the renal circulation has been acliieved. 

Histology 

Boutino examination was made of the liver and both kidneys in all animals. 
In rabbits numbers 1, 2, 6-9, 21, 26 and 33 the suprarenals, lungs and skeletal 
muscles w-ere also examined, but no abnormal changes were found. In each 
animal the right kidney was fixed os soon as possible after removal, tangential 
section in two or more places being made with a sharp razor. Post-mortem 
examinations were carried out os soon as possible after death. In the main, 
preserv-ation of organs was good. In two (nos. 11 and 12), where death had 
occurred during the night, the examination was carried out in the morning 
and, as the animal house was heated, some degree of post-mortem change could 
not be avoided. Organs from these animals were not included in the histological 
study. 

In general, post-mortem examination did not reveal any gross 
abnormality, but oedema of the lungs was sometimes observed and 
most animals dying within 1 week appeared to have lost weight. 
Local inflammatory changes were minimal and the wound invariably 
healed by first intention. The remaining kidney appeared to be 
rather swollen and the capsule under tension. This was confirmed after 
section with a sharp razor, when the cortex was seen to bulge and the 
cut edge was everted. The surface was paler than usual and had a 
glistening yellow granular appearance. Occasionally, and most 
markedly in those dying early, firank infarction of some areas of the 
kidney was seen. 

Fixation in each case was carried out in mercuric-formol-saline. As routine, 
hematoxylin and eosin and Masson’s trichrome stain were used, and in selected 
cases van Gieson’s stain and Leperhen’s stain for hEcmoglobin. Staining for free 
iron was also performed and in some cases frozen sections were stained for fat. 

Abnormal changes were found only in the Iddney under experiment. 
In the liver, the central vein necrosis observed in man was not present, 
nor was there noticeable fatty change. As previously stated, the renal 
changes fall into four grades, corresponding approximately to the 
survival periods. It is important to realise that the nephron of the 
rabbit differs in many ways from that of man (Dunn and Poison, 
1926). The ascending and descending limbs in the rabbit may 
descend into the pyramids and loop round the collecting tubides, 
other nephrons descend to the boundary zone only. Interest centres 
chiefly on the lowest part of the loops of Henle. 

Renal histology, grade 1, This type of histology was seen in six 
animals which died within two days. One of the principal features is 
the comparatively normal appearance of the glomeruli, although in 
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certain cases there is some distortion of the tuft. There is also 
albuminous deposit in the capsular space. The most striking changes 
are the almost complete destruction and degeneration of the first and 
second convoluted tubules. Nuclear staining has disappeared and 
the epithelium is replaced by a thin dm of eosinophilic material 
(fig. 3). No cast formation is seen in the second convoluted tubules. 
On examining the nephron at a lower level in the region of the 
pyramid, there is some degeneration of the epithelium and some 
cast formation. The collecting tubules show degeneration of the 
epitheUum with some minimal cast formation. These various changes 
are similar to those described by ScarfF and Keele, and are comparable 
in some respects to those of human cortical necrosis due to vascular 
stasis. 

Jtenal histology, grade II. Eight animals showed changes which 
belong to this grade. The principal feature here is the patchy necrosis 
found in the cortex (fig. 4). Some areas show frank necrosis resembling 
that seen in grade I ; others — the more viable portions — show changes 
similar to those of grade III. The demarcation between these areas 
is frequently clear-cut. In support of the view that the epithelium 
is not entirely functionless is the presence of casts in the second 
convoluted tubules. A further abnormal change is the dilatation of 
the secreting tubules, more often seen in the cortex (fig, 5). This 
change is perhaps a little diflScult to explain, but it probably results 
from blockage at a lower level, where oedema of the interstitial tissue 
is a marked feature. Lower in the nephron marked degeneration of 
the epithelium of the ascending and descending limbs of Henle is 
seen. Not only is this apparent, but there is also widespread cast 
formation. The casts appear to be largely albuminous and stain blue 
or red with Masson, although some variation is seen. Their probable 
composition is to form the subject of a special study. The collecting 
tubules also show epithelial degeneration and cast formation, and 
stripping of the epithelium from the basement membrane. At this 
level there is marked oedema of the interstitial tissue. 

Bcnal histology, grade III. The changes here appear to be specially 
worth}’’ of attention. As has been shown, the biochemical findings 
have features similar to those of traumatic urmmia. The liistological 
appearances also have much in common. The glomeruli show little 
if any change. There is some albuminous fluid in the capsular space, 
but tliis is minimal. 

The epithelium of the first convoluted tubules is not degenera c 
to any marked extent, although there is some loss of nuclear staining 
and in places nuclear pyknosis. Lying witliin the lumen of t le 
tubules is an albuminous deposit. The second convoluted tu u es 
show more degeneration, and in the majority cast formation is 
apparent. Some of the casts consist of epithelial debris ; ot ers 
appear to be albuminous. The general appearance of the cortex is 
shown in fig. 6. An albuminous deposit staining pink with eosin 




Fig. 5. — Rabbit no. 48, ‘?Vio\\ing dilatation 
of the secreting tubules witli occasional 
■' cast formation. H. and E. XCO. 


Fig. 0. — Rabbit no. 33, showing renal 
histology grade III. The glomeruli and 
convoluted tubules sliow minimal d~ 
generative changes. Casts are seen 
tho 2nd convoluted tubules. H. and 
X 60 . 












Fio. 7. — Unbbit no. 33, slioumg miiumnl do- Fio. 8.— Hmnnn caso no. 2 , showing tho 
genointivo chnngo m the convoluted tubular nibuminous fluid lying In tho lumen of 

cpitliolium, with albununous (eosinophilic) tho convoluted tubules. H. undE. 

fluid filling the lumen. This is comparablo X 145. 

With ^^hat IS seen In traumatic urjcmla In 
man. H. and E. X 270. 



Fio. 9 — Rabbit no, 21, shoumg variability 
of cast formation comparable to wlmt is 
been m traumatic uraimta, H. and E. 
X2j0. 



Fig. 10. — ^Human case no. S, showing the 
variety of cast formation and the inter- 
stitial mdoma which are features of 
human traumatic vincmia. Jlallory’s 
Htnin. Xl45. 





Fig 13 — ^Rabbit no 0 sboujng n tubule 
about to rupturo into a \enous apace 
This lesion is found with diftjcultj m the 
rabbit Mollorj s stain x 250 


Fig 14 — Human case no 2 showing 
two tubules about to rupture into a 
\enou8 space Tlie lower has an ante 
mortem clot adhering to its projecting 
surface Alallorj’s stain xG^ 
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Fic 15 — Rnbbit no 21, hliouing the p^mmulol nroa jn renal histology grade III 
There Widespread degeneration of the loops of Hcnio and colleeting tiibnle«, 
w-jth interstitial cedema Cast formation is of varied nature H and E X 05 
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Fio 16 — Rabbit no 24, showing tho 
enrlj fibrosis associated with renal 
lustologj' grade IV occnrring in the 
pyramidal area Van Gieson X115 


Fio 17 — Rabbit no 31, shoumg a 
localised area of tho Jyniphocjtic and 
histiocytic infdtration seen m renal 
histology grade IV H and E xOO 
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and loss of nuclear staining are marked features. The close .similarity 
of this area in the rabbit to that in man may be seen by comparing 
figs. 7 and 8. Lower in the nephron further similarities occur. There 
is marked epithelial degeneration in the ascending and descending 
limbs of Henle in the pyramidal area (fig. 15) and again the type of 
oast present is strikingly similar (figs. 9 and 10). In both experimental 
and human cases the formation of the casts is of peculiar interest. 
Trequently they seem to be formed by albuminous deposition around 
detached epithelium. Around tliis in turn is seen either further 
detachment or the regeneration of new epithelium. This peculiar 
stripping of the epithelium, with a concertina efifeot known as 
plication, is common to both lesions (fig. 11). It has been described 
in man by Bywaters and Bible (fig. 12). 

A further lesion which was found in all the human material 
examined was rupture of the tubules into the venous spaces, although 
this also occurred into the interstitial tissue. It was first described 
by Bunn, Gillespie and Niven (1941) and later by Bywaters and 
Bible. This lesion is found infrequently in the rabbit, but an example 
of a tubule about to rupture into a venous space is shown in fig. 13. 
This may be compared with what is seen in human cases (fig. 14). 

Renal histology, grade IV. The histological material showing this 
lesion was obtained by killing the animal at the end of 28 days. That 
some degree of urea retention occurred in the early stages in this 
group of 12 animals has already been demonstrated (table V). The 
cortical areas show no change, but lower in the pyramidal area and 
boundary layer there is increased interstitial fibrosis mth some 
residual cedema (fig. 16). A further change is the occurrence of 
groups of lymphocytes and histiocytes in areas which are apparently 
undergoing extensive repair (fig. 17). 


Histology of animals hilled earlier in the experimental period 

A group of 4 animals which had had the routine clamping of one 
hour were killed when the blood urea commenced to fall. It was 
thought that by this means an earlier stage of the grade IV lesion 
might be observed. The results of daily blood-urea estimations are 
given in table VI. 

The histological changes in these animals are perhaps not as 
marked as might have been expected in view of the urea retention. 
There is practically no change in the cortical area, except for some 
albuminous fluid and cast formation in the second convoluted tubules. 
In the area of the ascending and descending limbs of Henle the lesion 
is very patchy, and indefinite oedema of the interstitial tissue is seen. 
Begeneration of the tubular epithelium is again irregular, although 
cast formation is perhaps more widespread. 

These findings suggest, first, that if the am'mal had been allowed to 
live the changes described under renal histology grade IV would have 
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been obtained and, second, that the most marked changes are in the 
lowest part of the nephron, i.e. the limbs of Henle. 

Tksve. VI 

Serial blood-urea levcU {mg. per 100 c.c.) after occlusion for 1 hour 
of the left renal artery and right nephrectomy 


Babbit 

so. 

Initial ■weight 
(B-) 

Blood-nrca IcTcb j 

rre-operatlve 

Pays after clataplng j 

I 

1 

2 

3 

mm 

82 

2~34 

40 

72 

Killed 

■■ 


00 

3178 

33 

00 

136 


Kiilod 

91 

2752 

23 

91 

168 


... 

92 

2336 

30 

108 

264 

114 

Killed 


Disotssion 

The experiments described above establish three points ; first, 
that irreversible damage to the kidney followed by death is caused 
in the unilateral nephrectomised rabbit if partial occlusion of the 
renal artery is maintained for 120 minutes ; second, that the period 
of time for which the artery is occluded has a direct relationship to 
the mortality rate and period of survival ; and third, that the first 
lesion produced is in the area last supplied with blood, namely the 
ascending and descending loops of Henle. 

These results are perhaps slightly at variance with those of some 
previous authors, notably Scarff and Keele, who carried out expen 
ments similar to ours except that the whole renal pedicle was clamj^ ^ 
Their animals were forcibly fed with water following operation, t 
ensuring maximum diuresis. The histological picture which t c} 
describe conforms to what we have designated renal histologj ^8 8 
or II. Again, their animals, although showing evidence of urea 
retention, were able to survive a two-hour compression for 
before dying or being killed. They do not appear to have found m 
variation in the histological picture in relation to the surviva ‘ 
On the other hand our findings largely support those of Van 
who, worldng with dogs, showed that the mortality an surv 
rates are largely dependent upon the length of time the clan p 
applied to the renal artery. His evidence, when considered 
to ours, indicates that the dog withstands renal isc 
periods than the rabbit. Evidence of the length o , nnnear 

to cause irreversible damage in man is lacking, bu i w 

to be more than six hours. _ , lustoiosv 

A histological picture somewhat similar to our , the 

grade TX is described by McBneiy cl al., ssho 

variety of the areas affected. Our grades 1 and 11 lesions arc 
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what similar to those described by Ash (1933) and J9unn and 
Montgomery (1941) in discussing the cortical necrosis of the kidney 
occurring in toxEemia of pregnancy. Ash states that the essential 
feature appears to be thrombosis of the arteries, especially the 
intralobular vessels, accompanied by hyperemia, exudation and 
oedema. Both he and Dunn and Montgomery attribute this appearance 
to ischaemia. Cases of cortical necrosis have been attributed to 
ischaemia in conditions other than toxaemia of pregnancy. Godwin 
and McCall (1941), for e.xample, report its occurrence in a man who 
died with peritonitis following perforation of a gastric ulcer, and 
McFarlane (1941) found it after multiple fractures with internal 
haemorrhage. Both are agreed that the renal condition was probably 
due to ischaemia. 

We had some difficulty in deciding whether it was possible for 
blood to pass when the clamp was in position. We were able to 
examine sections of renal arteries in 4 animats (not included in the 
experimental series above) which had died from the anaesthetic during 
operation. From these we found that the occlusion of the artery 
was not entirely complete, and it was thought possible that a small 
quantity of blood could pass whilst the clamp was in position. 

Although we found that the histological appearances vary wth 
the survival period, the reason for the variability of the latter is not 
apparent. Three factors may, however, be operative. First, although 
every effort was made to produce a standard compression there may 
have been some variation in the amount of blood allowed to pass. 
Second, the clamping may have produced damage to the artery so 
that, after release, the blood flow varied from animal to animal. 
Third, spontaneous spasm of the artery may have occurred after the 
clamp had been released. During the course of the experiment we 
had visual evidence that, whilst the artery and vein were being 
dissected or when traction on or handling of the kidney was in process, 
the renal artery went into spasm. This was associated with a notable 
colour change. The normal plum colour of the kidney was turned to 
pale yellow, frequently of patchy distribution. At the same time, 
the kidney was reduced in size and the capsule became wrinkled. This 
appearance continued until the spasm of the artery disappeared, 
when the kidney increased in size and the colour gradually returned, 
although often this appeared to be rather more cyanotic than before. 
An exactly comparable phenomenon was observed after clamping 
the renal artery, and was so striking that it was subsequently taken 
as evidence of the success of the clamping manceuvre. 

The ease with which spasm of the renal artery can occur is perhaps 
not as widely recognised as it should be. Marshall and Crane (1923), 
Stoll and Carlson (1923-24) and Starr (1926), in observing the kidney 
after operative procedmres in experimental animals, were troubled 
by the ease with which this could occur. Sohroeder and Steele (1940) 
also found that in ansesthetised dogs made super-sensitive to adrenaline. 
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the renal vessels responded to Tvhat would normally have been a 
sub-normal dose and passed into a long-lasting constriction. It i« 
therefore possible that spontaneous spasm may play some part in 
producing anomalous results. 

The fact that the first lesion to occur as the result of clamping is 
degeneration of the ascending and descending limbs of Henle requires 
more detailed consideration. Dunn and Poison studied the blood 
to the kidney in the rabbit, and demonstrated that the 
ascending and descending limbs of Henle are the last to be supplied 
with blood. It follows that a reduction in blood flow would lead 
to tins area being supphed with blood poor in oxygen. Since the 
limbs of Henle require considerable energy for the maintenance of 
their function in acthdt}’^, these structures would appear to be 
particularly vulnerable to anoxia. 

Study of the animals which recovered, e.g. those showing renal 
histology grade IV, reveals almost complete absence of change in the 
cortical zone. The fact that healing changes are occurring in the 
boundary area and in the ascending and descending limbs of Henle 
is perhaps the strongest evidence that this is the first part of the 
kidney to be damaged by a failing blood supply. This is confirmed 
by animals killed either at the commencement of the fall of blood 
urea or immediately afterwards. It would appear, therefore, that 
these changes are probably caused by a partial reduction of blood flow 
rather than its complete cessation, since this latter leads to changes 
described as renal histology grade I. 

We know that when a rabbit develops an almost complete renal 
ischsemia changes similar to those of renal histology grade I are found. 
For example in rabbit no. 66, through an oversight, the clamp was not 
removed and the blood urea, which on the day of operation was 
42 mg. per 100 c.c., had risen on the following day to 156 mg. It 
died approximately thirty-six hours after operation. 


SmxMAJir 


1. Temporary partial occlusion of the remaining renal artery in 
the unilateral nephrectomised rabbit leads to renal changes comparab o 
to those seen in human traumatic ursemia. 

2. The length of time during which there was occlusion of the artery 
bears a direct relationship to the mortality and survival rates of t esc 

animals. , 

3. The first renal lesion to occur in these circumstances 

degeneration of the limbs of Henle. 


tVe wish to express our thanks to Air Marshal Sir Harold 
Group Captain Knight for permission to publish this paper- ® j 
tadebted to .Mr V. Willmott, British Postgraduate Medical School, for d. 
preparation of the microphotographs. 
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THE ACTIVATION OP HEMAGGLUTININS BY 
HUMAN SERIBI* 

Kathleeit E. Boobsian and Baebaba E. Dodd 
From the South London Blood Supply Depot 

In a series of experiments involving the titration of iso-agglutinins 
it was found tliat certain agglutinins gave a higher titration value 
when serum was used as diluent instead of normal saline. No descrip- 
tion of this phenomenon was found in the literature, although there 
might be a connection between it and that described by Waaler 
(1939), who reported the occurrence of a factor in human serum 
which increased non-specifically the degree of the specific agglutination 
of sheep blood corpuscles. The ability of serum to increase the 
titration value of an agglutinin was of interest and might have some 
practical application ; therefore it was decided to carry out further 
investigations. The experiments were planned to determine whether 
all sera possessed this property, and also whether all agglutinins 
showed the increase in titre. A preliminary communication on the 
activation of ha^magglutinins has already been given (Boorman, 
Bodd and Morgan, 1945). 

Technique 

The teoimique employed for the titration of ogglutmms was essentially os 
described by Taylor and Ikm (1939). Serial dilutions of the serum under 
investigation were made with a Pasteur pipette graduated to deliver a constant 
volume (about 0 04 c c.). To eoch of the serial dilutions an equal volume of a 
2 per cent, suspension of the appropriate red cells was added and the tubes 
shaken. The titrations were made m duplicate and allowed to stand two or 
three hours, after which the rod-cell deposit uas agitated by tapping each tube 
sharply. A reaction was not recorded as negative until the contents of the tube 
had been exammed microscopically. The presence of evenly distributed 
clumps of three or more cells was accepted as evidence of agglutination. 
Because Rh agglutination can very easily be broken down, special care was 
taken when reading titrations of anti-Bh agglutuuns. The tubes were not 
tapped sharply but some of the sediment was gently removed with a Pasteur 
pipette, placed on a microscope slide and gently spread with the stem of the 
pipette. 

The serum used as diluent in the titrations should not contain agglutinins 
or agglutinm-inhibitmg substances (c.< 7 . agglutinogens) which would interfere 
with the speeifio reaction under investigation. For the titration of anti-Bh, 
anti M and anti-N agglutinins it was not necessary to consider the anti.A and 
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anti-B agglutinins in tho diluent sera because the standard cells wro nlvra'-? 
of group O ; but nnti-A agglutinins could not be titrated in sera from nen^ora 
belonging to groups B or 0, nor nnti-B agglutinins in sera of groups A or 0 
Unfortunately a serum u-bich lacks either of the tu-o agglutinins onfi-A cr 
anti-B contains the corresponding agglutinogen, whicli would tend to neutralise 
the antibodies under test. For tho titration of anti-A agglutinins, therefore, 
a serum from a group-A donor which had no detectable inhibiting effect on 
the action of an anti-A serum was chosen. Similarly for the titration of anti-B 
agglutinins the serum used was obtained from a group-B donor and showed no 
inhibiting effect on anti-B agglutinins. Iffo such precautions were taken in 
the selection of sera for use in titrating anti-Bh, anti-M or nnti-K, as the 
corresponding agglutinogens have never been demonstrated in human serum. 

In each e.\-periment the titre of the agglutinin when titrated in serum wn.? 
compared with tho titre obtained using 0-85 per cent, saline os diluent. Tlieso 
titrations were always carried out at the same time and with tho same cell 
suspension. The amplification of tho agglutinin titre was expressed os the 
number of times the titre of the agglutinin diluted in serum was stronger than 
the titre in saline. For example, if tho titre in serum was 256 and in saline 32, 
the amplification was recorded as 8. 


Restjlts 

Preliminary observations 

In the first instance an anti-Rfa iso-agglutinin was titrated in 
saline and in serum and the degree of agglutination throughout the 
series of dilutions was compared. Not only was a much higher 
titration value obtained by using serum as diluent, but also the 
agglutination was usually firmer and more complete than for the 
corresponding saline dilution. 

The saline titre was next compared with that obtained using 
undiluted serum and serum diluted 1:2, 1:3, 1:6, 1 : 10 and 
1 : 20. The results of the titrations are given in table I and show 
that serum diluted 1:2, 1:3 and 1 : 5 gave as good results as un- 
diluted serum. On the basis of these results it was decided to use 
serum diluted 1 : 3 for further experiments as it was less viscous 
than undiluted serum and more economical. 

The amplification effect was not destroyed by heating the dilutmg 
serum at 56° C. for half-an-hour or by storing it frozen solid. 


Comparative effects of various sera as diluent 

In order to determine whether all sera had an equal capacity to 
increase agglutination, a single anti-Rh agglutinin was titrated in 
67 different sera (each diluted 1 : 3 as above). There was a wi 
range of ampfification, values from 0 to 64 being obtained. IR 
of these titrations are shown in table II. Only once was icre 
ampHfication of the titre and even here there was a slight mcre^' 
the tightness of agglutination. As a result of these 
was decided to select certain sera for use as standard 
and three sera were chosen which gave high amphfication bu po- 
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Table I 

Titration of an anti-Rh iso-afffflutintn using as diluent nortjial saline, 
serum and various dilutions of serum 


0 0 

0 0 

C 0 

c o 

V 0 

V V 

V V 

V V 

V V 

V + + 

++ ++ 

++ + 

+ + 

4 * + 

1 (•)■)(+) ' 

(+)(+) 

1 w w 

w w 

1 _ — 

“ “• 


Amplification 


1!10 

1:20 

0 0 

0 c 

V V 

++ ++ 
++ + 

+ (+) 
(•f) (+) 
w w 

0 0 

V V 

V V 

+ + + + 
4* 4" 

w w 

1 

1 

CO 

i 

2 


Koy to oil tables. 

Read mocroscopfcolty. 

0 «= tompleta ; s\inoMnt^g firnd clear. 

^ V =» visual agglutination ; surrounding fiuid pink. 

Hv ss visual agglutination with eome hsmolyais. 

H R hsmolyeia. 

Read microscopically. 

+ + sa very large clumps. 

+ ts large clumps. 

(d>) smaller clumps with many free cells, 
gw S3 slightly smaller clomps with many free celle. 
w ss clumps of 4 or 5 oella. 
vw ss evenly distributed clumps of 2 or 3 cells. 

S3 no agglutination. 

Tabus II 

Titre of same anti-Rh iso^agglutinin in various sera 


Eemm Aotl'Hh titre 

dilution In saline 


1 ; 4 
1:8 
1;16 
\;33 
1 164 
1:128 
1 :25Q 
1 :612 


AnU'Ab titre in rera nos. 



Amplification 


V + V V 

+ (+) V + 
(*f} w + w 
1 +) - {+)' 
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agglutination. There was no instance of anv increase in litre o' 
tightei^g of agglutination with the non-immune antibody. In 
several cases the titrations of the agglutinins in saline and serum wen? 

Table V 


Coniparativc litres of imtnutic anli-A and non-imrnunc 
anti-B Hires in saline and in scrum 


Case 

Group of 

Group of 

Antl-A 

Amplinca- 

tion 

1 Antl-B 

AmrliSa* ' 
tlan 

motlicr 

Infant 

Saline 

Scrum 

Saline 

Serum 


O 

A 

250,000 

500,000 

o 

128 

128 

0 


B 

A 

128 

1000 

8 



A 

B 

• .« 

• .« 

... 

1000 

2000 

o 


0 

A 

32,000 

128,000 

4 

512 

512 

0 ! 


0 

A 

256,000 

4,000,000 

16 

8000 

2000 

0(-4) ' 

G 

0 

A 

32,000 

256,000 

8 

128 

128 

o' ' : 

7 

o 

A 

2000 

2000 

0 

32 

32 

0 ' 

8 

0 

A 

32,000 

256,000 

8 

256 

2, -.6 

0 i 

■H 

0 

A 

512 

8000 

10 

128 

128 

0 ' 

19 

0 

A 

512 

4000 

8 

128 

128 

0 1 

El 

0 

A 

128,000 

4,000,000 

32 

2000 

2000 

0 ! 

12 

0 

A 

64,000 

128,000 

O 

512 

128 

0(-4) 1 

13 

0 

A 

512 

4000 

8 

128 

128 

0 : 

14 

Group B patient 
given A blood 

16,000 

32,000 

2 

... 

B 

IPI 

15 

Group 0 patient 
given A blood 

8000 

32,000 

4 

1000 

512 

H 

16 

Group 0 patient 
given A substance 

256,000 

2,000,000 

8 

128 

128 

m 

17 

Group 0 patient 
given A substance 

1,000,000 

16,000,000 

16 

4000 

128 


18 

Group 0 patient 
given A substance 

128,000 

1,000,000 

8 

512 

512 

HI 


done both before stimulation by the corresponding agglutinogen and 
at intervals throughout the course of the immune response. Tlif 
results of one series of titrations of this kind are given in table n. 
Group-A substance prepared from human ovarian cyst fluid (Jlorgan 
and van Heyningen, 1944) according to the method described b} 
King and Morgan (1944) was given to a group-0 indi\ndua!. The 
results of the titration (table VI) show that there was no appreciable 
difference between the titre of the anti-A agglutinin in the tyo 
diluents for tlwee days after the injection. By the 8th da}', howeur. 
a definite tightening of the agglutination was observed and a big le* 
titre was recorded for the dilutions made with serum. TJic sanip*- 
coUected on the 11th day after injection and titrated in saline an' 
serum showed a striking difference in the titres of the anti-A ngg u 
and contrasted sharply with the results of a similar titration or 
anti-B agglutinin made on the same series of samples. The ' ' 
results show that there is no difference in titre to be observed tiiro: , 
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out for the anti-B agglutinin titrations made in saline or serum and 
there was no tightening of the B agglutination at any time during 
the course of antibody production. 

Tabij: VI 

Compariem of tUrcs m ealine and in serum of a group-0 individml given 
A-group specific substance both bejore injection and at intervals during the 
immune response 


Ds!rs after Injection 


1 : 1000 
1 : 2000 
1 : 4000 
1 : 6000 
1 : 16000 
1 : 32000 
I i 64000 
1 : 128000 
1 ; 256000 
1 : 612000 
1 : 1000000 
1 : 2000000 



days 11 days 


H H Hv 
Hv Hv V 


o V _ 

0 V 0 
o V c 
0 0 

0 -f + 0 

V + C 

V ++ 0 

(+) V 

(+) gw V 

w + + 
— gw 


Amphu cation 
Anti*A . 


6. Antt-Aj («i) agglutinins. Four naturally-occurring and 3 
immune anti-Ai (ai) agglutinins were titrated with saline and serum 
as diluents. Two of the naturally-occurring "agglutinins were found 
in the sera of persons belonging to group A^B and 2 were prepared 
from group-B sera by absorption with Aj erythrocytes. One of the 
auti-Ai (tti) immune agglutinins was found in the serum of a woman 
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of group Aj after the deKvery of an infant of group Aj and one in ty 
serum of a man of group A, "who had been repeatedly transfused with 
group-Aj blood. The third anti-Ai (aj) was a rabbit serum, prepared 
and described by Morgan and Watkins (3 945). None of the naturaliy- 
occurring anti-Aj (a^) agglutinins showed any difference in titrc whon 
titrated with the two diluents, but a definite increase in titre and hi 
tightness of agglutination was obserred with all the immune anti-.A, 
sera (amplifications 16, 2 and S respectively), 

6. and anti-N agglutinins. Two anti-M and one anfiA' 
sera prepared by injection into rabbits of human erythroo\-fes of 
group OM and ON respectively^ were also tested. An increase in titre 
(representing amplifications of 1 6, 32 and 8 respectively’) was observed 
in each instance, together with a definite degree of tightening of 
agglutination. 

7, Anti-0 agglutinins. One anti-0 agglutinin naturally occurrine 
in an ox serum and one immune anti-O agglutinin prepared in a 
rabbit (Morgan and AVaddell, 1945) were titrated in both saline and 
serum in the usual manner. The ox serum was titrated against 
erythrocytes of groups A^ and 0 and sliowed no increase in titre 
in serum with either type of erytlwocyte. The rabbit anti-0 genim 
was titrated against Aj, An, B and 0 erythrocytes. With the Aj and 
B erythrocytes the titres in saline and serum were identical, being 2 
in each case, but with 0 and A, erythrocytes the titres in scrum 
increased from 8 to 32 and from 4 to 1C respectively. 


Discussion 


As mentioned above, Waaler reported that the specific agglutina- 
tion of sheep blood corpuscles was increased by the addition of human 
serum. He added 0-01 c.c. of human serum to a series of dilution? of 
anti-sheep-corpuscle serum, with the result that the agglutinin titre 
was increased from 2000 to 64,000. He did not connect the phenomeuoa 
with the fact that the antibodies were immune and apparently tested 
only animal sera. However, it seems possible that the factor wliich 
causes the amplification of human immune hcemagglutinins describea 
in this paper is identical with that described by him. 

Most human sera seem to contain this factor, although in widci) 
varying amounts, and probably it is present in all sera. Since heating 
at 56“ C. for half-an-hour has no effect on the amplifying power of a 
serum, the factors concerned ate neither complement ns a whole not 


one of the heat-labile fractions. , 

The increase in titre with serum as diluent is not caused lac 
by the viscosity of the serum but by a specific factor contained m > ■ 
This is proved by the fact that while immune agglutimns '• 

increase there is no difference in the titre of naturally-occu ‘t 
antibodies whether saline or serum is the diluent. 

It was thought at first that this property might be very ufe.u 
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increasing the agglutinating power of weak ■ anti-Rh agglutinins. 
This would be of great importance in the diagnosis of hremolytio 
disease of the newborn, because very weak nntibodics are liable to bo 
overlooked. IVhile the combination Rh-negativo mother and Bh- 
positive infant is merely suggestive of this disease, that of Rh-nogative 
mother, Bh-positive infant and an anti-Rh agglutinin in the maternal 
serum is almost conclusive. Unfortunately, while it is true that weak 
antibodies ore increased in titre, no case has yet been tested in w'liich 
the presence of an antibody was demonstrated in the serum titration 
although none could be detected in saline. This is disappointing but 
not surprising, because in the undiluted sonim to bo tested for Rh 
antibody there is likely to bo enough of the amplifying factor without 
the adcUtion of that contained in the serum diluent ; it is only at 
higher dilutions that the serum being tested for antibodies is too 
dilute to contain enough of the agglutinin-amplifying factor. However, 
the failure of this technique to detect weak Rh antibodies is of less 
importance now that various new methods of demonstrating their 
presence have been devised (Coombs et al., 1046 ; Diamond and 
Abelson, 1945 ; Diamond and Denton, 1946 ; Wiener, 1945). 

I The most interesting point emerging from the investigation is the 
, differentiation between immune and naturally-occurring agglutinins. 

It would seem to indicate a definite qualitative difference between 
I them. This is not only of theoretical interest, but also of practical 
importance, especially in oases suspected of having had an incompatible 
blood transfusion. In such coses the presence of an immune anti-A, 
anti-B, anti-Aj, anti-0 or anti-Rh agglutinin active at 37° C., is a 
strong indication that a luemolytio reaction may have taken place. 
All anti-Bh agglutinins (only one reported exception — ^Diamond, 
j 1942) are immune, but the anti-A, anti-B, anti-Aj and anti-0 
agglutinins may be naturally occurring. That they are indeed immune 
, in a given case has not hitherto been easy to establi.sh unless repeated 
.. samples over a period of several weeks could be tested. With this 
teolmique, however, a positive result on a single sample demonstrating 
that the antibody is immune supports the clinical diagnosis of an 
incomp’atible transfusion. AVhile it is true that in 77 of the 81 immune 
sera tested by us there was an increase in titre, in 21 of these the 
amplification was only 2. Since this increase is of the same order 
as the experimental variation, an amplification of 2 would not be 
taken as a positive result on a single sample, especially in the hands 
‘ j of a worker inexperienced in this technique. These results, moreover, 
were obtained with a serum chosen for its power of increasing the 
titre of an immune agglutinin ; with a random serum as diluent the 
number of inconclusive cases would naturally be much greater. 
However, with a good serum as diluent, it is usually possible to tell 
whether or not a given agglutinin is immune. 

“ ' Further work is necessary on the nature of the factor causing the 
^ enhancement of immune agglutinins. It is possible -that it may bo 
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connected with the meclmnism responsible for Diamond’s slide le.- 
for Ell sensitisation and Wiener’s conglutination phenomenon. 

It seems lilcely that, a study of tliis intrinsic difference lietweo; 
natural] 3 --occurring and immune antibodies might throw some licli 
on the actual mechanism of agglutination. 

Stouiary 

A propert 3 ’' of normal human serum causing the enhancement c 
specific agglutination b 3 ’- immime agglutinins is described. 

Eighty-one immune sera, comprising 49 anti-Rh, 7 anti-Rii sul 
group, 17 anti-A, 1 anti-B, 3 anti-Aj (aj, 1 anti-0, 2 anti-M and 
anti-N, were titrated in serum and in saline. In ererry instance ther 
was an increase in the degree of agglutination in the senim diluent am 
in 77 out of the 81 there was also a definite increase in titre. 

Fourteen naturall 3 ’^-occurring agglutinins, comprising 5 anti-i^ 
4 anti-B, 4 anti-Aj (ai) and 1 anti-0, were also examined. Tlicr 
was no instance of an increase in the degree of agglutination or ii 
the titre when serum was used as diluent in place of saline. 

The titration of a single anti-Rh agglutinin in 67 different sen 
showed that they varied markedl 5 ' in their power to amplif 3 * immum 
agglutinins. 

Some of the implications of this difference between immune anc 
naturally-occurring antibodies are discussed. 

We wish to thank Dr W. T. J. Morgan of the Lister Institute for lib co 
operation and interest, and also Dr J. F. Loutit, Director of this Depot, foi 
allowing us facilities for carrying out this work. 


REFERENCES 


Aubekt, E. F., Boorjcax, K. E., 
A^•D Dodd, B. E. 

Boorman, K. E., Dodd, B. E., 
AND Morgan, W. T. J. 

C.,vppeij:,, D. F 

CooOTS, R. R. A., Mourant, 
A. E., ^iND Race, R. R- 

Di-asiond, L. K 

Diamond, L. K., and Abelson, 
N. M. 

D£amond, L. K., and Denton, 

E. L. 

King, H. K., and JIorg.an, W.T. J. 
JfORGAN, W. T. J., AND VAN 
Hevningen, R. 

Morgan, W. T. J., and Waddeci,, 
M. B. R. 

Moro.an, W. T. j., and Watkins, 

W. M. 

Taixor, G. L., and Ikin, E. W. . 
Waaler, E 

IVlENER, A. S 


1942. This Journal, liv, 89. 

194S. Nature, clvi, G63. 

1944. Glasgow Med. J., cxlii, 12o. 

1945. Br/t. J. Exp. Path., xxvi, 235. 

1942. New Engl, J. Med., ccxxvii. So/* 
1945. J. Lab. and Clin. Med., xxx, 204. 

1945. Ibid., XXX, 821. 

1944. Bioehem J., xxxx'iii, (Proc.), x. 

1944. Brit. J. Exp. Path., xxv, 3. 

1945. Ibid., xsvi, 387. 

1945. Ibid., xxvi, 247. 

1939. Brit. Med . ,/., i, 1027. _ „ r, 

1939. Proc. of 3rd Intornat. Con^- 
Microbiol, New Yorh, p. 

1945. J. Lab. and Clin. .Med., xxs, 



576 . 8 . 097 -5 [ : 6 i 2 . ii 8 . 221 . 2J (biooa-group laocor ivu; 

ON CERTAIN PROPERTIES OF ANTISERA PRE- 
PARED AGAINST HUMAN SERUM AND ITS 
VARIOUS PROTEIN FRACTIONS: THEIR USE 
IN THE DETECTION OF SENSITISATION OF 
HUMAN RED CELLS WITH “ INCOMPLETE ” 
Rh ANTIBODY, AND ON THE NATURE OF 
THIS ANTIBODY 

E. E. A. COOMB 3 and A. E. Moubant 

From the Department of Pathology, University of Cambridge, and the Emergency 
Shod Transfusion Serviee, Medical Eeseareh Couneil 

A METHOD has previously been described for detecting non-ngglutinat- 
ing Rh sensitisation of human red blood colls by exposing the washed 
sensitised cells to an anti-human-globulin serum (Coombs, Mourunt 
and Race, 1945a, 19466 and 1940). Non-agglutinating Eh sensitisation 
may be caused by an “ incomplete ” Rh antibody (Race, 1944). This 
type of antibody, provisionally called “ incomplete ”, sensitises 
homologous colls but does not agglutinate them under the usual 
conditions employed for carrying out agglutination tests. 

It had been presumed that the rabbit anti-human-globulin serum 
reacted specifically, in the immunological sense, with the globulin of 
the Rh-sensitising antibody once it had been adsorbed specifically on 
to the homologous red cells, and in this way brought about their 
agglutination. 

In order to investigate the best way of producing antisera suitable 
for this test, the sera detailed in table I were examined for their ability 
to agglutinate such sensitised cells. Also with the aid of the sera 
detailed in table 11 further observations have been made on the nature 
of the “ incomplete ” Rh antibody. 

Methods 

The antisera prepared as detailed in tables I and n were inactivated at 
5 G° C. for half-an-hour and thoroughly absorbed with A, B and O hurnan 
red cells. They were then examined for their ability to agglutinate B,r cells 

( corresponding to Fisheris antigenic or genetio formula which had 

ede/ 

previously been fully sensitised with the “ incomplete ” anti-D Bh antibody. 
The BjC cells^ after sensitisation with the “incomplete “ antibody were washed 
three times in saline to remove the human serum, and were then re-suspended in 
j. riia. BAOT — vou ux 105 
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raline to give n 2 per cent, soepension. In tlie titmiions of the onti^cra. f.To 
drops of this 2 per cent, suspension of sensitised coDs vere added to two dree^ 
of increasing dilutions of antisera. The results vero read microscopicallv afti* 
one hour at 57'’ C, 

Table 1 


Suifabililtf of antisera for agglutination of sensitised cells 


liaWiIt 

«ntl- 

fcra 

AntlRcn 

. 

Course of immmil'yiUon 

t 

tirirj Tvurll 

fri:* 

1 

Hiunnn serum 

1 course ; 4 injections i/p 2 c.c. at 4.diiy 
interval; bled 14th clny 

1:1G 


„ „ group 0 

1 course: 4 injections i/v 1-D c.c. at 
.3-day'mterr-al ; bled I2th dav 

1:16 


»» ft »» 0 

I course; 4 mjoctions ijv iv c.c, at 
3'day intercnl : bled 12t}i dav 

};Gt 

4 

»» ft ft 0 

2 courses : 4 injections i/v 1 -j c.c. nt 
3-doy interval : bled 1 0th day 
(Jlixed sera from two rabbits) 

1 ; 236 

o 

< 

yr y* 

. . 

1 course ; G injections i/v 1/10 c.c. 
daily : bled 0th day 
(Absorbed at optimum proportion.s 
with sheep serum) 

Ov(t 

1:04 

6 

Alum - precipitated human 
senim 

1 injection i/m 5 c.c. into each buttock •• 
bled 14th day 

1 .-Si 

66 

»» »> j» 

2 injections i/m 5 c.c. into each buttock : 
bled 14th day 

l:r>U 

7 

ft ft <1 

2 injections i/m 0 c.c, into each buttock : 
bled 14th day 

1 :512 

8 

»> »» »i 

2 injections i/m 6 c.c. into end) buttock : 
bled I4th day 

1 : 12S 

9 

♦» >» »» 

2 injections i/m 5 c.c. into each buttock : 
bled 14tb day 

1 : 312 

10 

ft ft tt 

2 injections i/m 5 c.c. into each buttock ; 
bled 14th day 

1 ; 12G 

11 

Human y globulin 

From Hr Fecord, Lister Institute _ ' 
1 c.c. antiserum =0-42o mg. globulin j 
(constant antibody) j 

l-.W 

12 

Human globulin (30 per cent. 

2 courses : 6 injections i/p 1 c.c. ot 3-dny j 

Ovf-r 

1:C1 

1:10 


sat. amnion, sulph.) 

intctvnls : bled 9th day 

13 

Human pseudo-globulin (33-CO 

1 course ; 6 injections i/v 3 mg, protein: i 


percent, sat. nmmon. sulph.) 

bled 9th day i 


14 

Pneumococcu.s tjpo 2 

■Wcllcomo pneumococcus typo 2 ont>- 1 




serum * | 


1.) 

Typhoid bacilli 

Anti'H titre 1 : 15,000 * i 


!l6-20 


Hormnl rabbit sera * | 

Is one 

j 

J 

{ 

* 




* Lowest dllollon tested 1 : t- 


Expekuikstal results 

Experiment I 

Table I shows the litres at whic}! these various rabbit 
cave a -f-r microscopic agglutination with R^r cells fuH.t 
l-ith "incomplete” anti-D Rh antibody. A detectable reaction 
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however was given at a much Iiiglier dilution in each case. The smallest 
amount of antiserum giving a reaction is considered as containing 
one agglutinating dose, and for routine testing eight agglutinating 
doses are used. Serum no. 4, for example, gives a ++ reaction at 
1 : 256 and for routine tests is used at a dilution of 1 : 32. 

None of the sera in tables I and If, after absorption with A, B 
and 0 cells, had any visible action on unsensitised human cells. 

Observations on table I 

1. Antisera produced against whole human serum are satisfactory 

for this test. Two courses of four injections each may be needed to 
produce a suiBoiently high-titred serum. It is desirable to use group O 
human serum as antigen in order to avoid the production of unwonted 
anti-A and anti-B, wliicli may result from the' presence of dissolved 
A and B antigens in the human serum. ■ 

2. Rabbit anti-alum-precipitated-human-sorum sera, prepared 
according to the method of Proom (1943), prove to be verj'- satis- 
faotorj’. Two inoculations seem adequate to produce a serum of 
sufficiently good titre. 

3. High-titred anti-tj’phoid and anti-pneumococous typo 2 rabbit 
sera are shown to have no rdsiblo effect on cells sensitised with the 
“ incomplete " anti-D Eh antibody. This presumably shows that 
the reaction is not duo to non-specific colloidal effects of immune 
sera in general, as has been suggested to us by some workers. 

4. Two rabbit anti-alum-precipitated-horse-sorum sera, not given 
in the table, were shown to agglutinate cells sensitised with the 
•“ incomplete ” anti-D Eh antibody, but only at a very low titre. 
This is probably analogous to the cross reactions observed with the 
precipitin test between human and horse serum. 

Further observations 

On treating a human serum containing the " incomplete ” Eh 
antibody rvith ammonium sulphate, it was found that the fraction 
precipitated by 33 per cent, saturation, i.e. the fraction containing 
most of the y globulin, contained most of the “ incomplete ” Eh 
antibody. The fraction of the anti-Rh serum precipitated between 
33-60 per cent, saturation with ammonium sulphate, wliich contains 
most of the a and ^ globulins as well as some of the y globulin, also 
sensitised the Ejr cells, although not as strongly as did that fraction 
precipitated below 33 per cent, saturation. The albumin fraction of 
the same anti-Eh serum did not sensitise the cells at all. From this it 
appeared likely that the “incomplete” anti-D Eh antibody was 
contained mainly if not entirely in the y globulin fraction of human 
serum. 

Surprisingly it was found that an antiserum produced in a rabbit 
against a (Cohn) albumin fraction of human serum strongly 
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agglutinated B.r cells sensitised the “incomplete” antibody. 
If the antiserum to the (Cohn) albumin were specific for the albumin 
fraction of human serum, it would not be expected to react, especially 
at a high titre, wth the y globulin of the “ incomplete ” Rh antibody. 


Tabu; 

Neutralisation oj antisera with dijfcrcnt 


Antisera 

Antigens Injected 
into roliBlts to 
produce the antisera 

+ + aggintlnatioa 
reaction with cells 
sensitised with 
Incomplete '* 
antibody 

EqulvAJenL^ of anU^ern foand by prtcipllln 1 

flocculation testa by method of optimal projortto ! 

1 

21 

Human albumin 
fraction 

> 

1 :25C 



1 cc. antiserum 
= 7-8 mg. human nlbumui 
= 0-95 mg. human a and ^ globulin 
= 0-24 mg. human y globulin 

no 

Human albumin 
fraction 

1 : IG 

Antiserum too weak to demonstrate 
definite reacting zones 

23 

1 

Human a and /S 
globulin 

1 : 256 

1 

1 c.c. antiserum 
=0'015 mg. human albumin 
=3-0 mg. human a and j5 globulin 
=3-9 mg. human y globulin j 

24 

Human a and ^ 
globulin 

1 : 128 j 

! 

Antiserum too weak to demonstrate 
definite reacting zones 

25 

I 

Human y 

1 globulin 

Weak reaction 
at 1 : 4 

1 

>» >» tt ft »♦ 

1 

20 

1 

Human y 

I globulin 

Weak reaction 
at I : 4 

tf tp »> ^ 

27 

Human y 
globulin 

I 

1 :64 

1 c.c. antiserum 

=1-95 mg. human a and ^ globulin 
=0-425 mg, human y globulm 

4 

Human serum 
group 0 
(aa no. 4 in 

1 table I) 

I :250 

1 c.c. antiscnim 
=0-48 mg. human albumin 
=7-8 mg. human a and globulin 
=7*8 mg. human •/ globulin j 

6b 

Alum -precipitated 
human serum 
' (ns no. 6b in 

1 table I) 

1 :512 

1 c.c. antiserum _ j 

=0-03 mg, human albumin 
=0-24 mg. human a and ^ globulin , 
=0'0G mg. human y globulin ; 


This anti-albumin serum also agglutinated cells sensitised with the 
fraction of anti-Rh serum precipitated below 33 per cent, saturs ion 
with ammonium sulphate. Here apparently- the anti-albumin semm 
was reacting immunologicaby with the y globulin of the Rh anti ■ 
To explain this it was assumed that the anti-albumin serum was 
specihe for human albumin in that it reacted also yvith human y 

globulin. 
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Experiment II 

In order to investigate this question further the experiment 
summarised in table II was carried out. It was hoped to show that 

n 


protein fractions of human serum 


Absorption or ncutrollsatloo of antUcra 

+ ■+• sgKlutlnstlon reaction 
with scnsUlstti ceils alter 
absorption of antbera 

0*1 c.c. 1 ! 4 antiserum 4-0'Q25 mg. human albumin 

0‘1 c.c. 1 { 4 antiserum+0*312 mg. human a and globulin 

0*1 c.c. 1 : 4 antiserum -f0‘078 mg, human y globulin 

1 : 256 

1 :32 

0*1 c.c, 1 : 4 ontisenim+O'SlS mg. human albumin 

O'l c.c. 1 : 4 antiserum -i-0*312 mg. human a and fi globulin 

0*1 c.c. 1 : 4 anlisenim-f 0-312 mg. human y globulin 

1:16 

Weak reaction 
(at 1 : 8 and 1 : 16) 

0-1 c.c. 1 ; 4 antiserum +0-3 12 mg. human albumin 

0-1 c.c. 1 : 4 antiserum -f0'312 mg. human a and ^ globulin 

O-l c.c. 1 : 4 antiserum 4*0*312 mg. human y globulin 

1:250 

1 : 12S 

0-1 c.c. 1 : 4 ontiserum+0-312 mg. human albumin 

0-1 o.c. 1 : 4 antisorum4-0-312 mg. human a and ^ globulin 

0-1 c.c. 1 : 4 antiserum4-0*312 mg. human y globulin j 

1 : 128 

1:64 

Antiserum too weak for absorptions 


0-1 c.c. 1 : 4 antiserum+0-3l2 mg. human albumin 

0-1 c.c. 1 ; 4 antiserum 4'0-3I2 mg. liuraan a and globulin 
0-1 c.c. 1 ; 4 ant\seTum4-0*312 mg. human y globulin 

1;G4 

1 : 16 

0-1 c.c, 1 : 8 antiserum+0-312 rag. human olbumin 

0*1 c.c. 1 : 8 antiserum4-0*312 mg. human a and /? globulin 
0-1 c.c. 1 : 8 antiserum4-0'312 mg, human y globulin 

1 ; 25G 

1:64 

0-1 c.c. 1 : 4 antiserum -1-0*156 mg. human albumin 

0*\ o.c. 1 ; 4 antiserum 4'0-156 mg. human a and p globulin 
0*1 c.c. 1 ; 4 antiserum 4-0*156 mg. human y globulin 

1:612 

1:128 


the anti-albumin serum was non-specific in that it would react with 
both albumin and y globulin, and that the basis of this test for 
demonstrating the “incomplete” antibody was a direct antibody- 
antigen reaction between the rabbit anti-human-globulin serum and the 
globulin of the Bh antibody adsorbed on the red cell. It was also 
hoped to show more definitely what fraction of human serum contained 
the “ incomplete ” Eh antibody. 
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Methods 

In this experiment the rabbit antisera enumerated in table II ver<> uh’;! 
Antisera 21-26 were prepared by giving tlio rabbits one course of five iniMtio'-^ 
intrapentoneally of 0-1 mg. protein at foim-day internals. Tlio rabbits rrerV 
bled on the tenth day after the last injection. The humnn-sorum-protfm 
fractions used for the immimisation as well ns for the neutralisation procedure 
and os antigens in the precipitin tests were (Cohn) fractions prepared at Hnr\-nr<I 
University. Antisenim no.' 27 was prepared by Dr B. E. Eccord atiri 
Dr llargarot E. JInckay of the Lister Institute, who used as antigen humnn 
y globulin prepared according to the method of Kekwick (1940). 

The antisera, after being heat-inactivated at 56° C. for half-an-hoiir and 
absorbed “with A, B and O cells as usual, were tested by the precipitin floccuin- 
tion test. The sera diluted 1 : 6 were tested against human albumin, z and ^ 
globulin and y globulin fractions to see if they were specific for their respective 
antigen protein fractions. The equivalents of the antisorn to the respective 
protein fractions were found by the method of optimal proportions using 
constant antibody (Dean and Webb, 1926). 

The antisera wore then tested, before and after neutralisation with tho 
different protein fractions of human serum, for their ability to agslutinale 
E;r cells sensitised with tho “ incomplete ” Eh antibody. Tho neutralLsation 
procedure consisted simply of adding the protein solution to tho antiserum 
and incubating for half-an-hour at 37° C. If a precipitate formed it was 
removed by centrifugation before tho serum was further used. Tlio concentra- 
tions of the different protein fractions used in tho neutralisations had no vbible 
effect on the unagglutinated sensitised colls. A higher concentration of 
albumin' would presumably have caused unagglutinated sensitised cells to 
agglutinate, as ocems in Diamond’s test for tho “ incomplete " antibody 
(Cameron and Diamond, 1945). 


Observations on table II 


1. Antisera prepared against the different (Cohn) Jiumnn-senitii- 
protein fractions were shown not to be specific for their respective 
fractions, as judged by the precipitin flocculation test. 

2. Neutralisation of the different sera m’tlj albumin in no way 
reduced the vdsible agglutinating titre of any of these sera against 


cells sensitised with “ incomplete ” anti-D Bh antibodj’. 

3. Neutralisation of the different sera wdth y globulin completely 
removed the ability of all these sera to agglutinate cells sensitised with 
the “ incomplete ” anti-D Bh antibody. 

4. Neutralisation of the different sera with the a and ^ globulin 
fractions, well in the zone of antigen excess, only slightly reducer tie 
agglutinating po'wer of these sera for the sensitised cells. This s i- 
reduction in the agglutinating power may be due to tracer o y 
globuHn in the a and § globulin fraction used for ncutrahsafio - 
or, on the other hand, a small amount of the anti-Rh antibody m< . 
be contained in the a and ^ globulin fraction of human sennn. 

5. From the above it would seem exddent that the antiboc y m 

rabbit serum which agglutinates cells sensitised with , 

complete ” Bh antibody is an anti-y globulin antibody, and m 
"incomplete” anti-D Bh antibody is present m the y feW 
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fraction of liuman serum. However it cannot be stated tliat a small 
amount of the “ incomplete ” anti-D Eh antibody is not contained 
in the a and y8 globulin fraction (see Colm et ah, 1944). 

6. The isolated (Cohn) y globulin fraction of human serum used in 
tills experiment seemed a very poor antigen in vivo. An antibody 
capable of reacting vdth y globulin was produced in rabbits immunised 
with (Cohn) albumin and a and ^ globulin fractions ; yet tlus same 
antibody was not neutralised in vitro by (Cohn) albumin or a arid ^ 
globulin fractions, but only by (Cohn) y globulin. 

7. It will bo noticed that the anti-y globulin antibody equivalents 
of the sera did not correspond with the titres of the sera for agglutinat- 
ing sensitised cells. An explanation of this observation has not been 
attempted. 

SUMMABV 

1. Methods are described for producing rabbit anti-human-globulin 
sera for the detection of sensitisation of human red cells with ‘‘ in- 
complete ” Eh antibodies. 

2. The serological evidence put forward strongly suggests that the 
" incomplete ’’ anti-D Eh antibody is present in the y globulin 
fraction of human serum ; a small amount may however bo present 
in the a and /3 globulin fraction. The agent in rabbit antisera causing 
agglutination of cells sensitised with the “ incomplete ” anti-D Eh 
antibody appears to bo an anti-globulin antibody, mostly if not 
entirely anti-y globulin, in spite oi the Sect that it may he eliohed 
by higldy purified preparations of other serum proteins. 

We should like to express our thonks to Dr R. I. N. Greaves, who placed 
many of the sera at our disposal, and to Mrs Mimiel Adair, Dr B. R, Record 
and Dr Margaret E, hlackay, who also supplied us with sera. 
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PENICILLIN AND B, ANTHBAGJS 
J. M. Babnes 

Microbiological Research Department, Eicperimental Station, Porton 

This paper describes experiments, carried out both in vitro and 
in vivo, on the action of peniomin against Aacilliu anthracis. 


LTTEBATtJIlE 

In their report on ponioillin Abrahttm et al. (1041) tot B. anihncis among 
the organisms showing the same degree of sensitivity towards ixsniomin as the 
staphylococcus. Since then there have been n number of papers and reports 
on the use of penicillin in the treatment of experimental anthrax infections 
in animals and accidental infections in man. H^eilman and Uerroll (1044) 
infected mice with a suspension of anthrax washed off a 24*hour agar slope 
which was presumably a mixture of sporing and vegetative forms. The mice 
were given about 10,000 M.L.D. (2'SxlO‘ orgonisms) subcutaneously and 
treatment with penicillin was started 10 hours later. Tliis consisted of a total 
daily dose of 1000 units given in 5 doses during the 24 hours and continued 
for 12 days. Eleven out of 20 mice survived and all controls died. Tlioy noted 
that all mice in the treated group thot developed any local lesion eventually 
died. Mice given only 10 M.L.D. and the same treatment started 1 hour after 
infection all survived. Sterne (1946) infected guinea-pigs with 100 
of anthrax spores by subcutaneous injection and started treatment 24 hours 
later, by which time a local lesion measuring 7X6 cm. had developed. The 
penicillin was given in 4-hourly injections subcutaneously. With a total doily 
dose of 200 units given for 7 days, one of ten animals survived. IVhoro the 
daily dose was 800 imits all survived. All the controls died. Julianello (1044, 
personal communication) successfully treated very small groups of mice infected 
with broth cultures of anthrax by means of a few large doses of penicillin. Ho 
found that a single dose of 400 units wos etfootivo if given up to 6 hours after 
infection but not if given inter than this. American workers (personal com- 
munication from Camp Dotrick, Frederick, Md., XJ.SJl.) have obtained 
successful results in the treatment of cutaneous infection in monkeys and 
subcutaneous infections in rabbits and mice. Monkeys wore given 760 units 
3 hourly for 72 hours after their blood cultures had become positive following 
the appiication of anthrax spores to their abraded skin. Babbits given up to 
100,000 spores subcutaneously survived if given 1000 units 3 hourly for 3 days, 
starting 1 hour after infection, A much larger series of mice was used and in 
the majority a auheutaneous injection of 5000 spores (100-1000 M.L.D.) wos 
the infecting dose. Treatment consisted of 3-hourly injections starting 24 hours 
after infection and continuing for 7 days. With single doses ranging from 
1260 down to 78 units the results were similar. About 60 per cent, of the 
animals survived. It was noted, however, that in some treated mice a local 
lesion developed and subsequently regressed, with recovery of the animal 
AU the untreated control mice died. IHtoheU and Chapman (1944, personal 
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communication) infected smnlj groups of rafco w'ith 200-400 sporcH tin'l 
one of two different doses of peniciliin S times daily for 5 or 10 day,~a llr'l 
of 7-0 units saved all the mice, whereas 3*5 units saved only 2 out of n. Tn-v^ 
mont was started 3 hoiu-s after infection but if delayed for 24 hours the th'.:*'- 
of /-S units saved only 3 out of 6 mice. In general these restiUs indicate thst 
despite the apparent sensitivity of B. anthracis to penicillin, cxporimental info-' 
tions do not yield ns readily to treatment as streptococcal infections. 

With regard to liuman infections Murphy ct ah (1944) report success in }3.« 
treatment of malignant pustules in three patients. They recommend a dailr 
dose of 200,000-400,000 units given over three days. In their onar cases there 
was a striking response to sucli treatment and the local signs in the iKioa^ 
are recorded as having shown signs of abatement within J2 hours arheginaiaz 
treatment. A much larger series of cases has been reported by Ellingson d J. 
(1940, personal communication). Treatment was successful in nil cases irith 
a total dosage of 1-14 million units in 3-liourIy doses over 5-7 das-s, bom! 
packs of penicillin wore also given. The lesions dried up about the 4th day nnl 
cultures from them became sterile much earlier. 


ExPERtMBXT^VL 
Siudies in vitro 

Inoculum size. Early reports of work on staphylococci aisd 
streptococci indicated that the sensitivity of these organisms to 
solutions of penicillin in ordinal^' culture media was to a large extent 
indeijendent of the size of the original inoculum. Anomalous rcstilts 
in the early experiments with B. anthracis were soon correlated with 
irregularities in the size of inocula used, 

A series of experiments was therefore performed in which the size 
of the bacterial inoculum was titrated against different amounts of 
peniciUin in the culture medium. Cultures were made in 1 per cent. 
Lomco broth containing Icnown concentrations of penicillin. The 
penicillin was a commercial preparation and the strength of th- 
solutions was estimated against a solution of a standard barium wh 
Idndly supplied by Dr N. G. Heatley, 

The bacterial inocula consisted of washed spores. Part of a slotK 
spore suspension (3x10^° per mi.) prepared from an agar culture was 
fully lysed to remove all remnants of vegetative forms, washed three 
times in distilled water and stored at a concentration of ahou. 
2 X 10^° per ml. Samples of this suspension, which consisted for He 
most part of single free spores, were diluted appropriately for t.!f 
experiments and counted by the method of Miles and IMisra ' 
which gave results accurate to within 10 per cent. The 
was a standard laboratory strain obtained from Dr R. L. 
the " Slonroe ” strain of the School of Pathologj’, 0-xford. 
obtained from the Veterinary College, it had been subcultiirc 
for 12 months before it was received liere in 1941, and had _ 

many artificial subcultures and occasional passages through - 

and guinea-pigs. The spores were added to the broth 
the penicillin to make a final known concentration of both 
and penicillin and incubated for 24 hours at 37° C. At the cnc 
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period the presence or absence of growth was recorded by naked-eye 
observation. 

A summary of the results is presented in table I and those of a 
wider range of experiments are recorded graphically in the accompany- 
ing figure. The presence or absence of growth offer 24 hours is clearly 
a function of the concentration of the penicillin and the number of 
spores originally present. 

Tawje I 


Belathturhrp belu'een inoculum aice and concentration of penicillin in 
determining growth of B. antlirocia after 24 hours at 37* O. 


Concentration of eporcs per nJ. 
of broth 


10 

6 

2 

■1 

■1 


ixio» 

-f" 

+ 


+ 



lx 10’ 




+ 

-f 

-f 

6x10* 

— 




+ 


IXlO' 

— 

— 


-h 



5x10' 

— 



— 



IxlO* 

— 


Hi 





-t- “5 growth 
— « no growth 


Sensitivity of other strains of B. anthraois. A number of strains 
of B. anthraois were tested for their sensitivity to penicillin in vitro. 
With inocula of equal size it was impossible to detect any diflTerenoes 
in the susceptibility of the following strains : (1) standard laboratory 
strain after many in-vitro cultures ; (2) standard laboratory strain 
after one monkey passage ; (3) standard laboratory strain after three 
monkey passages ; (4) strain 99 (obtained from U.S.A.) ; (5) strain 99 
isolated from accidental infection (obtained from U.S.A.) ; (6) recently 
isolated cattle strain ; and (7) avirulent strain for vaccine production 
(Weybridge). 

Action of penicillin on anthrax spores. A suspension of lx 10® 
spores per ml. was incubated in broth with 2 units of penioilhri per ml. 
Immediately after mixing, a sample suitably diluted for counting 
gave the expected number of colonies. After 18 hours at 37° C. no 
colonies grew from the sample diluted for counting. Incubation for 
the same period in saline containing penicillin brought about no 
change in tlie total spore count. 

Suspensions of spores of l-2xl0®/ml. were made up in broth with 
and without the addition of penicillin (2 units/ml.). Samples were 
removed and diluted 100 times for counting after incubation at 37° 
and 4° C. At 37° C. the counts remained unaltered for 2 hours. In 
the tube containing the penicillin there was a slight fall at the end 
of 3 hours and a sharp fall after 4 hours. Without penicillin the 
count remained the same for three hours and at the fourth hour 
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organism after germination has been completed and the first dirisionj 



of the TCgetative forms are talcing place. Gardner (1045) ha's slio'xa 
by direct microscopical observation that strong concentration^ o. 
penicillin ■niil kill antlirax s^iores before there is any visible endcnfe 
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of germination. In minimal inhibitory doses the early vegetative 
forms emerging from the spores swell and die before their evolution 
is completed. 

The first stage in the germination of antlmax spores takes place 
almost immediately on adding them to a rich medium such ns tryptio 
meat broth. The spores are readily stained by Gram’s method and 
are killed at a temperature of 65° C. Penicillin does not interfere 
with this process. 

Penicillinase production. When a sufiSciently large inoculum of 
spores is used to ensure growth in the presence of a given 
concentration of penicillin, examination of the supernatant culture 
medium after incubation shows that the penicillin has disappeared. 
Similar concentrations of penicillin with small inocula or broth alone 
were not affected by incubation at 37° C. for 24 hours. 

Examination of the supernatant fluids of anthrax broth cultures 
showed that they wore capable of destroying penicillin in solution. 
The active principle in this supernatant was found to be heat labile 
(destroyed rapidly at 65° C.), non-dialysable through cellophane and 
less active at low temperatures. It actually destroyed the penicillin 
and is almost certainly the enzyme penicillinase. Thus we have an 
orgam'sm which is both highly sensitive to penicillin in suitable 
concentrations and at the same time a natural producer of penicillinase. 
Bacillus subtilis behaves in the same way. It has been used to assay 
penicillin instead of staphylococci (Foster and Woodruff, 1044) and 
other strains have been used to produce good samples of penicillinase 
(Duthie, 1945). 

Studies in vivo 

An attempt was made to treat artificial anthrax infections of mice 
and rabbits with penicillin. Such infections once established in these 
two species invariably terminate fatally and the animals appear to 
offer little natural resistance to the disease. On the other hand, there 
may be no clearly recognisable foci of local infection and the animals 
appear to be overwhelmed by a gross bacteriaemia, so that it might 
be supposed that the infection woidd respond readily to an effective 
chemotherapeutic agent. 

Babbits. The animals were infected by the intravenous injection 
of anthrax spores suspended in saline. A dose of 100,000 spores 
invariably killed the 2-3 kilo rabbits that were used ; 60,000 spores 
killed approximately 76 per cent, of the animals. Fatal infections 
invariably caused death within 6 days. Animals which survived the 
smaller doses never showed any evidence of disease. Though outward 
manifestations of the disease might become evident only a few hours 
before death, blood cultures might bo positive for as long as 60 hours 
before the animals died. At autopsy the animals showed little 
except the characteristic spleen and the hremorrhagio changes 
in the lymph glands, varying in their intensity and distribution. 
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Sometimes there were appreciable piearal, pericardial or t>oriton»d 
exudates. 

The animals were treated by intravenous injection of 
solution in saline — 600 tinifs every four hours, which is the weight- 
for-weight equivalent of a dose of 20,000 units for a "Oddlo mnn. 
Even f!ii.s was probably inadequate, because penicillin disappear? vorv 
rapidly from the blood stream of rabbit.s. After injection of 500 units 
no penicillin was detectable in the blood after 1 hour. After KHIO 
nnifs tiiere was penicillin in the blood stream after 1 hour but not 
after 2 hours. It made no difference if the penicillin was given 
intravenously, intramuscularly or subcutaneously. 

Exporimont 1. Five rabbits which had been given an intra- 
venous injection of 50,000 spores wore started on treatment (000 
units four hourly) as soon as a smear from the blood became positive. 
As in untreated controls, death ensued %vithin the ne.xt 48 hours and 
the course of the disease was unaffected. 

Experiment 2. Twenty rabbits were infected with 100,005 
spores *, 48 hours later, 10 of the animols were started on 4-hoi!r!y 
treatment with 600 units of penicillin. The 10 control animals were 
given saline so that all w’crc submitted to the same amount of liancllinc. 
Tlie average surmval times for the two groups were : (o) treated 
animals, 89-G (140-70) hours ; (b) untreated controls 83'C (140-57) 
hotrrs. Again, treatment started late was without effect on the 
course of the infection - 

Experiment 3. Twenty rabbits wore infected with 100,001 
spores. Sixteen rabbits received 4-hourly treatment w’ith 600 units o', 
lienicillin, oonimencing four Ijours after the injection of the .spores 
In one group of 8 tlie treatment was continued for three days and 
in the remaining 8 for five days. All four control animals were (hsid 
within SO hours. In each group of the treated animals there won: 

4 survivors. Of those in the treated groups wiiich died, only two did .‘O 
in less than 80 hours and some lived as long a.s 8 days. 

Started early, therefore, penicillin saved life after the injection 
of a fatal dose of anthrax spores. Its effect was not so striking as 
might have been expected. 

Mice. A much larger series of experiments was perfonned aith 
mice. Albino mice (18-20 g.) were used and housed singly or in pair? 
in small metal boxes. Penicillin was administered by subcutancou’; 
injection under the skin of the back. The requisite number of 
of penicillin was given in 0*1 ml. of saline. Most experiment.? were 
done with mice infected with anthrax spores. A dose of 3000 spore’ 
in 0-1 ml. of distilled water was given intraperitonealiy to nil mice. 
The suspension used in each e.xperiment was counted and the 
calculated number of spores administered to any batch of mice rang*^ 
from 2800 to 3200. Deaths were recorded once ciaily. In the tir.- 
series of experiments the mice were given 4-hourly inject ! 0 ,n.= o 
10 units of penicillin starting four hours after infection an 
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continuing for G days. A dose of 10 units for a mouse is the weight- 
for-weight equivalent of a single dose of 35,000 units for a 70-kilo 
man. The results of four such experiments ore summarised in table If. 

Table H 

Anthrax-spore injection in mice ; results of treatment with 10 units of penicillin 
commencing four hours after infection and repeated four-liourhj for six days 


JTo of mice Infected 

Survivors on 0th day after Infection 

Treated 110 .... 

35 

31*8 per cent. 

Untrested 110 . 

.0 

18 3 


The difference between the final mortality figures is not significant. 
On the other hand the mice in the two groups behaved differently. 
Most of the untreated mice were dead within 5 days and presented 
no outwardly visible sign of the disease. Those receiving treatment 
began to develop a striking oedema of the abdomen about the 4th 
or 5th day which progressed rapidly so that the animals could hardly 
walk ; they were obviously very ill. The death rate rose as soon 
as penicillin was stopped. By comparing the 50 per cent, mortality 
time from a curve of the death rate against time it can be seen that 
the penicillin significantly delayed the time of death in these animals 
(table ni). 

Table m 

Anthrax-spore infection tn mice.* fifty per cenU-mortality time of control 
mice and mice treated with penicillin for G days 



50 per cent •mortality time 

Treated mice . . | 

Untreated mice . 

8 2 (C-11-2) days 

3 2 (2 6 3*9) days 


Concurrent trials were made with penicillin administered in 
different ways These indicated that a short course of more intensive 
treatment in the early stages of the infection might be more effective 
(table IV). Each treated group received 300 units of penicillin, the 
equivalent of ]ust over 1,000,000 units for a 70-kilo man. 

Two further experiments were carried out with much larger doses 
of penicillin given during the first few hours of the infection. The 
results are given in table V. 

Smee tliis early intensive treatment seemed to be more effective 
another experiment was done to determine the amount of penicillin 
necessary to influence the mortahty (table VI). 
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Three furtlier experiment-? were then done to determine th-- 
injportance of the time interral betireen infecting the animals and the 

Tabli: r\' 

Anthrax-spore infection in mice : effect of giving the same amount of 
penicillin over different periods of time 


Treatment 

Sun'lvors on 0th <Uy | 

Expt. 1 

Ejcpt. : * 

50 iinitfl 4-hourIy let day 

10/20 

1.3/30 1 

25 units 4-hourly Jst and 2nd day . 

12/20 


10 units 4-hourly Ist.oth day . 

8/20 

7/20 

1 

Untreated controls 

am 1 

1 


Table V 

Anthrax-sport infection in mice : effect of tioo large doses of penicillin 
during the first S hours of infection 


Treatment 

Survivors on Otii dsy 

Eipt. 1 

Erpt. 2 

500 units at 4th and 8th hour after 



infection 

27/10 

17/10 

Untreated controls 

11/40 

4/10 


Table VI 

Anthrax-spore infection in mice : effect of different doses of penicillin 
during (he first few hours of infection 


Treatment 

Survivors on 0th day ! 

GOO units at 4th and 8th hour after infection . 

17/40 1 


17/40 

(jO tf ff »* ft • 

Untrontod control , . . . . 

lO'lO i 

4/10 . 


initiation of penicillin treatment. All animals were given 300 unM 
of penicillin in three doses of 100 units at two-hourly intervals. In 
this way a high concentration of the drug should be maintained 
the mouse for 6 hours. The results are presented in table Ub 
Unfortunately, considerable variation in the death rate among t 
controls makes it impossible to compare the result of one oxpcrimcti 
with that of another. It is possible to nay, however, that treat wen 
started up to 12 hours after infection significantly lowcretl tfw oeatn 
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rate. Treatment started 20-24 hoars after infection was without 
effect (table VTI).* 

Tabu: \ril 

Anthrax spore injection in voice : effect of treatment with penicillin 
started at different times after infection 


Mean dose of spores 2800 ... j 

Dose of penicillin : 300 units in tliree doses of 100 units (equivalent human dose* 
1,050,000 umts) 


Expt 

Interval (houra) 

Survivors oo 0th dar 

Test of 
ludependeneo 

and start of 
treatment 

Treated 

Cootrolj 

H 

a 

10/40 




4 

21/40 




6 

21/40 



■ 

8 

18/40 



H 

Total . 



0 01 

B 

10 

28/40 




12 

24/40 



■ 


02/80 (65 percent ) 



B 

Husm 




H 





■ 

Total , 

36/80 (45 per cent.) 

16/40 (37*5 percent.) 



Because of the variation in the death rate of the control animals 
in the three experiments recorded in table VII, a single experiment 
was later repeated under exactly the same conditions regarding mode 
of infection, treatment and so forth. Groups of animals ftom the same 
batch were infected and treated at different times after infection. 
The following results were obtained ; — 

Treatment started 4 hoars after infection — 28/39 (72 per cent.) 
survived. 

Treatment started 8 hours after infection — 21/39 (54 per cent.) 
survived. 

Treatment started 24 hmtrs after infection — 20/80 (32 per cent.) 
survived. 

No treatment — 7/40 (17 per cent.) survived. 

A similar series of experiments was carried out with mice infected 
with capsulated anthrax bacilli. Cultures were grown in specially 
aerated CCY medium and harvested at a time when smears showed 
that the organisms were fully capsulated (Gladstone, 1946, personal 
communication). The suspension was centrifuged and re-suspended 
in phosphate buffer at pH 7*0 and adjusted to opacity 1 on Brown’s 

* Dr H. M. B Adam kmdly examiasd the figuius for all experiments statistically, 
calculating the probabilities and testmg for homogeneity. 
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scale. Tins tvas immeclintoly diluted 10,000 times and 0-1 ml of tliis 
suspension in]ected intrnpcritoncally into mice. The injection? wre 
ina<3e as .coon ns pos.cible after preparing the susjjcnsion, as the 
organi.sra wndergoes rapid }y?h. Several colony counts wre made 
of suspensions prepared in tliis way at different times nnd the results 
were remnrkabl 3 ’ consistent. The estimated number of organisms 
injected into the mice was about 500. Since this number is based 
on colony counts and the organism grows in chains, the actual number 
of bacteria injected was in all probability several times greater, and 
thus of the same order as the number of spores injected. Pcnioillin 
was administered in the same manner and three doses of 100 units 
were given at two-hourly intervals. The results arc given in table 
^TII. 

Tadue tTTI 

Infection of mice u'ith cap.oulated anthrax hactUi : effect of treatment 
uith penicillin started at different times after infection 


Prolmbto do'M! or orgnjiicms : 1000-2000 

Doce of penicillin ; 300 units in throo do^es of 100 unitu {eqnivnlent bumivn Oo'e : 

l.O.'iO.OOO unitfi) 


i 

Infmvil (hoar!) bctwcoa Infection and 

i 

1 Survivors on Pth tlay 

f tart of treattnent j 

1 

f 1 

j Treated j 

1 Control < 



.16/40 (90 per cent.) 0/10 (0) 

157/200 (78-5 per cent.) 13/200 (C-.'j p^r cent.) 

21/40 (f.2-6 per cent.) 4/40 (10-0 per cent.) 

34/60 (42-5 per cent.) 11/80 (14-0 per cent.) 

12/30 (40-0 per cent.) 7/40 (17*5 per cent.) 


The.se results show that treatment of vegetative infections with 
penicillin is effective even when its start is delayed 16 hours. On 
the other hand it is easy to discern the importance of early treatment 
by examining the mortality Sgnres among the different groups of 
treated mice. The percentage of stmdvors falls sharply in the group 
whose treatment was delayed for 8 hours compared with the group 
treated after 4 hours. ^ , . 

The need for these large doses of jwnicillin was shown in a sing e 
experiment where different amounts were given at 4, C nnd S iiouf-* 
after infection (table IX). 

Tahee IX 


Infection of mice tcith enpsidnted anthrax bacilli t effect of di^ereut 
doses of penicillin ffiven dttring the first S hours of injec.ion 



3 da=*-^ of e."; jinit-* 1 

3 ft ft ** 1 

.3 .. m ( 

Controls 1 


9/40 

18/40 

2 . 7/40 

0/40 
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Although these large doses of penicillin were necessary to deal 
offectivelj' Tvith a small initial infecting dose of vegetative organisms, 
a further experiment (table X) showed that the same amount of 
penicillin could also control infection initiated with 10-100 times this 
number of organisms. 

Table X 


Infection of mice toith capsulated anthrax bacilli : effect of treatment with 
300 wiita of penicillin in the first 8 hours with different infecting doses 



Suspension opacity 

Penicillin 

Sunivon on 6th day 

O'l ml. 

0-1 

100 units 4tlu 6th nncl 8th hour 

0/20 

on „ 

001 

100 „ „ M „ „ „ ' 

10/20 

0«1 „ 

0-001 

100 „ „ 

10/20 

01 

0-0001 

100 „ 

10/20 

O-I „ 

O-OOOI 

No treatment 

3/20 


Disoossion 

The ability of B. anthracis to secrete penicillinase doubtless 
explains why large initial concentrations of spores are able to grow 
in solutions of penicillin that inhibit the growth of smaller numbers 
of spores. Exactly how this is brought about is not clear. Chain and 
Duthie (1944) have shown that suspensions of a sensitive staphylococcus 
of 1x10^ organisms per ml. will continue to show some metabolic 
activity in the presence of concentrations of penicillin of 0-01 unit 
per ml. In the case of B. anthracis some activity is presumably 
possible when the organisms number 1 x 10“ per ml. in the presence 
of as much as 1 unit of penicillin per ml. Even in concentrations of 
penicillin which will finally kill all the organisms originally present 
as spores, it has been shown that the process of germination is not 
interrupted by penioUtin, Also it can be shown that largo concentra- 
tions of spores (3 x 10“ per ml.) in saline do not themselves inactivate 
penicillin. Under certoin conditions (low penicillin concentration and 
high spore concentration) germination presumably takes place and 
limited metabolic activity of the resulting vegetative forms produces 
enough penicillinase to destroy the penicillin and allow free growth 
of the remaining bacteria. 

These findings in vitro explain to a largo extent the failure of 
penicillin as a therapeutic agent for artificial anthrax infections in 
rabbits and mice. Only ivith the vegetative form and when treatment 
was started early were the results of treatment at all striking (table 
VII). At this early stage of the infection, penicillin is capable of 
destroying ten or a hundred times the M.L.D. of vegetative anthrax 
bacilli (table X). On the other hand when treatment is delayed a 
mdus of infection is presumably established and the production of 
penicillinase renders treatment less effective. 

Similar experiments with animals infected with anthrax spores did 
not show these clear-cut differences and the results of early treatment 
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were not so striking, although the actual number of infecting organisms 
was of the same order in each case. The conditions which govern the 
germination of anthrax spores in vivo remain completely obscure, 
but it is reasonable to assume that some may germinate after the 
last of the penicillin has been excreted. It must be assumed that 
germination and subsequent multiplication of the vegetative forms 
so produced takes place in conditions especially favourable to the 
organism, under which small (but theoretically effective) doses of 
penicillin are not enough to eradicate the infection, as indicated 
by the results of treatment prolonged for 6 days (table 11). Circum- 
stances favourable to the spores probably arise to some extent by 
chance, because viable spores capable of producing virulent organisms 
may be isolated from the .tissues of animals up to at least tliree weeks 
after the injection of sublethal doses. 

Since most naturally occurring anthrax infections are spore infec- 
tions, treatment with penicillin would probably need to be on a 
generous scale to be effective. 

Treatment with a prolonged series of injections was equally 
disappointing. Started late in the disease, as in the first two rabbit 
experiments, the penicillin is presumably quickly destroj^ed by 
peniciUinase from the vast numbers of the organism present in the 
body. In the mice treated by 4-hourly injections of 10 units of 
penicillin, the striking feature was the prolongation of life and the 
development of a local abdominal lesion shown by gross cedema. In 
these animals the penicillin was probably only enough to prevent or 
delay a general systemic invasion. On the other hand the local lesion 
developed continuously despite the penicillin. If the local skin lesion 
of a rabbit which has been given a subcutaneous injection of anthrax 
spores is ground up, the extract contains penicillinase. In the lesions 
of anthrax there is probably a local concentration of penicillinase 
capable of destroying any penicillin that diffuses into them from the 


blood stream. 

In man the results of penicillin treatment of cutaneous anthrax 
infections have been more successful and there were no deaths in the 
largest series of eases so treated (Ellingson ef al., 1946, personal 
communication). The host displays a considerable degree of natural 
resistance to the infection as witnessed by the fact that the mortality 
among cases of malignant pustule is recorded as being of the order 
of 5-15 per cent, before the introduction of chemotherapy. In such 
cases the penicillin might prevent the septicaemia which is so often 
the prelude to death wliile the natural defences deal with the loca 


lesion. 


SUJDIAKY 

Penicillin in sufficient doses, if given early enough, will 
and sometimes save the lives of rabbits and mice experimen a y 
infected with anthrax. 
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TIio drug is more offeotiro against vegetative than against spore 
infections ; surprisingly largo doses must be given very early in the 
infection. 

Difficulty in controlling infection appears to depend on three 
factors: (1) production of ponioillinaso by D. anlAracis ; (2) persistence 
of spores in the tissues and their germination after the blood-penicillin 
level has fallen ; and (3) poor natural resistance of rabbits and mice to 
anthrax infection. 

I am indebted to the Director-General of Scientific Research (Defence), 
Ministry of Supply, for permission to publish this paper. 
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EFFECT OF SHOCK-PRODUCING SUBSTANCES ON 
EXPERIMENTAL ANTHRAX INFECTION IN MICE 

J. W. Ho^vte and J. Cbotckshank 

Bacteriology Department, Aberdeen University 

This work began with tho question whether “ shook ” lowers resistance 
to bacterial infection. Many shock-producing injuries cause o.’ctensive 
tissue damage favourable to bacterial invasion ; but the point at issue 
was whether the state of shock itself enhanced the results of infection. 
From the experiments to be described it appeared that the lethal elfect 
of anthrax spores for mice could be increased by a variety of substances 
which have been used for the production of e.xperimental shock. 
With two of the substances tested there was evidence to suggest that 
enhancement of the infection might bo brought about oven if the test 
substance and spores were injected at different sites. 

Hughes (1938) described a toxic substance in blister fluids from 
' burns which lowered the resistance of rabbits to staphylococci and of 
mice to streptococci and pneumococci ; he found that normal human 
sera had no such effect. Hughes (1939) also reported that inflammatory 
exudates, but not passive transudates, enhanced the effect of experi- 
mental tuberculosis in guinea-pigs, shortening the siu-vival time and 
giving rise to lesions whose histology suggested a more acute reaction 
than in the controls. Wilson, Macgregor and Stewart (1937-38) 
considered that a specific substance absorbed from the burned area 
was the probable cause of acute toxsemia in burns ; therefore, as a 
first step, it seemed worth re-investigating Hughes’s reports of an 
infection-enhancing substance present in blistep fluids but absent 
from normal sera. Later, other substances were also examined. 


SIethods 

General procedure. In every experiment at least three groups, each of 5 or 
10 mice, were inoculated with s (1) test substance alone, (2) anthrax spores 
alone, and (3) test substance -f- anthrax spores. In some experiments a fourth 
control group was inoculated with spores -(- formalin, which invariably enhanced 
the lethal effect. Doses and routes of inoculation are described separately for 
each test substance. Although inoculated mice were observed for 30 days, 
only deaths up to 10 days were recorded os due to the experiment, because very 
few animals died later than this and their deaths did not seem, likely to bo 
connected with the test substances. The experiments were repeated as often 
as possible with each test substance that gave a suggestive result. 
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n ^’ere chosen as the infecting agent becan-w 

a ^speMion of spores, once prepared, would always be readily avaUable and 
^fc^a*ions ui virulence as a result of repeated subculture. Tlio 
anthrax straui Paddington VI (National Collection of Type Cultures no imi 
was used throughout. Spore suspensions were prepared by growing the organism 
on peptone.&ee agar plates for 10 days at 37“ 0., washing the reiilting JoSh 
thrice m saline and heating at 60“ C. for 30 minutes to destroy vegSativc 
lorms. A stock su^ension was stored in the ice chest and 0*25 e.c. of a 
1:100, 000 dilution in saline was used for inoculation. Sixrface viable counts 
(Miles and Misra, 1938) showed that the actual number of spores inoculated 
ranged from 200-400 in different experiments. Wee that died were examined 
post mortem and the presence of anthrax infection was confirmed by the typica! 
appearsnes of the spleen and by examination of films from the heart blood, 
peritoneum and spleen. 

RESTTIiTS 


Anthrax spores alone 

Twenty-fctvo groups of 5 or 10 mice were injected intraperitoneaily 
with 200-400 anthrax spores as described and a summary of the 
results in these control animals {table I) forms the best background 
against which to consider the results of inoculating different test 
substances at the same time as the spores. 


Table I 

E_ffect of anthrax spores alone (200-400 spores given {ntrapmioncaUy} 


iso. of mice 
tUtcdiinoculatciJ 

No. of experiments 

Total no. of mJco 
kHIed/lnocuIated 

0/6 

3 

0115 

1/6 

6 

6/30 

2/5 

8 

16/40 

2/10 

3 

6/SO 

3/10 

2 

6/20 

Totals 

22 

34/135 

Mortab'ty 25-2 per cent. 


The earliest deaths came between 24 and 48 hours after inoculation 
and most fell between the second and fifth days. It will be seen that 
in 22 separate trials the number of mice killed by spores alone ranged 
from none out of fire (three trials) to two out of five (8 trials) and 
that the death-rate for the whole group was 34 out of 135 
(25 -2 per cent.). Viable anthrax spores were found in the spleens of 
survivors killed 3 months after inoculation. 


Blister fitiid from burns 

Tlirough the kindness of Professor W. 0. Wilson, we were able to 
examine blister fluid from five patients with bums. The fiiud vas 
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aspirated with sterile precautions from unbroken blisters resulting 
from burns sustained 5J-48 hours before aspiration ; tlie ago of tho 
bum did not seem to influence the result. Tho fluids were cultured 
aerobically and anaerobically for 4 days in blood broth at 37“ C. 
and all proved sterile. 

To test the effect of blister fluid on the nnthra.v -spore infection 
0-25 c.c. of each fluid was mixed with 0-25 o.c. of saline containing 
the appropriate dilution of spore suspension and inoculated intra- 
peritoneally into 5 mice at the same time as 10 control mice were 
injected intraperitoneally — 5 with the same number of spores alone 
(200-400) and 5 rvith the same volume (0-25 o.c.) of tho blister fluid 
under investigation. All inocula were made up to 0*5 o.c. by tho 
addition of sterile saline where necessary. 

All the 25 mice inocidated with tho blister fluids alone remained 
well ; the effect of spores alone has already been described. Tho 
results with spores -p blister fluid (table II) showed that some, but 

Tabui n 

EJfecl of anthrax spores -p blister fluid from bums 
(intraperitoncal iruKulation) 


Fluid no 

h’o of mice 
UUed/lDoculated 

1 

0/5 

o 

5/5 

3 

G/5 

4 

3/5 

G 

3/5 


Five mice ivore inoculated with each of tho fluids alono ; all remained well. Effect 
of spores alone la shown m table I. 

not all, blister fluids from human bums could enhance the lethal 
effect of the spores. 

Normal human sera 

The next step was to test serum from four healthy adult males 
between 20 and 30 years of age. The blood was drawn and the serum 
separated with sterile precautions, and the mouse inoculations were 
carried out exactly as described for blister fluid. All of 20 mice 
remained well that were inoculated with serum alone (five mice for 
each serum) ; the effect of spores alono has already been described. 
The results with spores -f serum (table III) showed that some normal 
human sera could enhance the lethal effect of spores. 


Human muscle 


The observations on normal human sera suggested that it mi»l 
be worth testing the effect of human muscle. Again through the hel 
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of Professor W. C. Wilson, we were able to examine four pieces of 
toman muscle (rectus abdominis) excised with sterile precautions 
JTom patients undergoing exploratory laparotomy. Immediately 

Tabm: ni 


E^ect of anthrax spores -f normal human sera 
(intraperitoneal inoculation) 


Sanaa no. 

So. of nilcD 
MUed/iaocuhted 

1 

6/5 

2 

3/5 

3 

3/5 

4 

4/5 


Five mice were inoculated with each of the sera alone ; all remained well. Effect 
of spores alone is shown in table I. 


after its excision the piece of muscle was taken to the laboratory, 
where it was weighed, cut up finely with scissors, and suspended by 
grinding it in sterile saline so that 0*25 c.c. of saline contained a 
known amount of muscle (0-076 g. in three experiments and 0*05 g. 
in one experiment). Inoculation of the mice was completed within 
^-1 hour of excision of the muscle. All samples were proved sterile 
by inoculating 10 c.c. of blood broth with 0*5 c.c. of the muscle 
suspension, incubating aerobically and anaerobically for 7 da 3’8 at 
37“ C. and then plating out on blood agar. 

For the tests, 0*25 c.c. of muscle suspension was mixed rrith 
0*25 c.c. of saline containing the test dose of spores and inoculated 
intraperitoneaUy into 5 or 10 mice. At the same time equal numbers 
of control animals were inoculated with spores alone and muscle 
suspension alone. All of 25 mice remained well that were inoculated 
with muscle alone ; the effect of spores alone has already been 
described. The results with spores -f muscle (table 17) showed 

Table IV 


Effect of anthrax spores + human muscle 
{intraperitoneal inoculation) 


Espertaent no. 

“ Dose ” of musclo 

So. of mice kUIed/tnoculiitcd 

Sports alone 

Mosclc alono 

Spores +n«!icte 

3 

— 

0-075 g. 

2/5 

0/5 

5/3 

o 

0-073 „ 

1/5 

0/3 

6/5 

3 

0-075 „ 

2/5 

0/5 

5/5 

4 

0-05 „ 

2/10 

0/10 

5/10 


that in each of three experiments with 0*075 g. of muscle the lethal 
effect of the spores was enhanced. In the fourth experiment wtu 
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0-05 R of muscle the difference between spores alone (2 out of 10 mioe 
killed) and spores + muscle (5 out of 10 mice killed) was suggestive 
but not conclusive. 

In experiments 1-3 the enhancing effect of the muscle inoculation 
on the lethal effect of the spores was not accompanied by any chmcal 
signs of shock in the mice inoculated with muscle alone. Even when 
0'3 g. of muscle was given intraperitononlly (6 mice) or subcutaneously 
(10 mice), the animals remained well throughout, and the enhancing 
effect was not evident when the musclo (0*075 g. and 0*3 g.) was 
given subcutaneously and the spores intraperitoneally. 


Formalin 

At the beginning of this work we recognised that our experiments 
resembled the early work on bacterial “ aggressins ” (reviewed by 
Browning, 1931). Our reading of tliis early work suggested the 
usefulness of including a luiown aggressin in each experiment ; with 
this object it was our practice always to inoculate a group of five 
** positive controls ** with the test dose of anthrax spores 0*25 c.c. 
of peritoneal washings in 0*6 per cent, forraol-salino of a mouse dead 
of anthrax. The fonnoUsed washings, wliich became sterile in the 
ice-chest, had no effect on the mice if injected alone, but invariably 
caused death of all 6 mice when inoculated intraperitoneally with the 
test dose of spores — a result which served as a useful control, especially 
when the spores alone failed to kill any of the 6 mice. 

The results in this group were so regular that the matter seomed 
worth investigation. Accordingly we tried 0*5 per cent, formol- 
saline, using formalin of analytical-reagent purity, and found that 
tills was nearly as certain in its effects (table V) as the fonuolised 
anthrax exudate. 

Tabub V 

JEJffeci of anthrax spores -p 0*5 per cent, formalin 
{intra peritoneal inoculation) 


Experinieat no. 

Ko. of mice 
UUed/lnocuIatcd 

1 

4/5 

o 

6/5 

3 

6/5 

4 

6/5 

5 

6/5 

6 

4/6 


10/10 


In each experiment 6 or 10 mice were inoculated with 0*5 per cent, formalin alono ; 
all remained well. Effect of spores alone is shown in table I. 

Tlie results of infection were not enhanced unless the formalin and 
spores were injected into the same site. In several such experiments, 
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0-25 c.c. of formol-saline in strengths of 0-5, 1, 2 and 5 per cent, formalin 
was mjected subcutaneously and the usual dose of spores intra- 
peritoneally. These procedures failed to increase the number of 
deaths from the spore infection. For about 10 minutes after inoculation 
the mice given 5 per cent, formol-saline showed s 3 TOptoms of collapse 
and apparent discomfort at the site of injection, but thej’ quickl.v 
recovered, None of the mice inoculated with 1 or 2 per cent, formalin 
had any visible reaction. 

Miscellanex>tLS substances 

In four experiments, in the manner already described, each of the 
following substances was inoculated along with spores into the 
peritoneum of 5 mice : (1) tuberculous pus from a neck gland; 
(2) 0*5 per cent, plienol-saline ; (3) anti-anthrax serum mth 0*4 
per cent, tricresol ; and (4) normal rabbit serum. None of these 
substances increased or decreased the number of deaths from tha 
spore infection. 


Magnesium adenosine triphosphate 

Through the kindness of Professor H. N. Green, we were given 
generous supplies from two freshly-prepared batches of magnesium 
adenosine triphosphate (Mg. A.T.P.), — ^the shock-producing substance 
identified in normal muscle by Green and his colleagues (Green, 1943, 
1945 ; Bielschowsky and Green, 1943). The first batch had an actual 
Mg. A.T.P. concentration of 22*2 mg. per c.c., the second of 23 mg. 
per c.c. 

Table VI 


Effect of anthrax spores -f- magnesium adenosine triphosphate 
(Mg. A.T.P.) in a dose of 3 mg. per 10 p. 


Experiment no. 

— 

No. of mice (killcd/lnoculated) 

Mg. A.T.P. alone 

Spores alone 

Mg. A.T.P.+fPores 

Mg. A.T.P, and spores together intrap eritoneally 

_ — i 

1 

1/8 

3/10 

9/10 j 

2 

0/10 

2/10 

9/10 j 

i 

Mg. A.T.P. subcutaneously, spores intraperitoneaUy i 

.3 

0/10 

2/10 

13/20 I 


Toxicity tests showed that intraperitoneal or subcutaneous 
inoculation of 3-5 mg. per 10 g. quickly induced severe coUapse 
lasting 6-8 hours, and that with few exceptions all the mice therea 
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recovered. Accordingly rvo esamined the effect of inoculating mice 
with the usual test dose of spores + 3 mg. per 10 g. of Mg. A.T.P. 
In two experiments the Mg. A.T.P. and spores were inoculated 
together into the peritoneal cavity ; in a third the Mg. A.T.P. was 
given subcutaneously and the spores intraperitoneally. The results 
(table VI) showed that the intraperitoneal inoculation of spores + Mg. 
A.T.P. had a more lethal effect on the mice than the injection of 
either alone. The single animal lulled by Mg. A.T.P. alone died in 
12 hours; those killed by spores + Mg. A.T.P. died of anthrax 
between the second and fifth days, after they had fully recovered 
from the adenosine shook. With subcutaneous inoculation of Mg. 
A.T.P. and intraperitoneal inoculation of spores, the difference 
between the test and control groups was loss marked but enough 
to be regarded as suggestive evidence that the shook induced by 
Mg. A.T.P. was accompanied by some reduction in resistance to 
the spore infection. 


Hypertonic glucose (dehydration shod:) 

Cameron, Burgess and Trenwith (1946) recently described in detail 
the changes in rabbits and goats injected subcutaneously with large 
amounts of hypertonic glucose or sodium cMoride solutions. They 
chose these solutions in order to study (p. 213) “ some of the effects 
of rapidly progressive anhydroimia produced in such a way as to 
eliminate local tissue damage and the tendency to infection, complica- 
tions which obscure the late bum picture ”. Since our object was to 
teat whether the tendency to infection was an essential part of the 
shook syndrome, we decided to test the effect of spores in mice which 
had been injected with hypertonic glucose to produce dehydration 
shock. 

We chose the same dosage as Cameron el al. used for their 
experiments, namely 20 c.c. per kg. (0-2 c.c. per 10 g.) of 60 per cent, 
glucose solution ; the glucose was of analytical-reagent purity and 
the solutions were made up in normal saline and sterilised by steaming 
for 20 minutes on 3 successive days. JEce were inoculated as already 
described ivith hypertonic glucose and spores, both intraperitoneally, 
and with hypertonic glucose subcutaneously and spores intraperitone- 
ally. Given by either route, the hypertonie glucose rapidly induced 
a state of collapse which lasted C-8 hours and was indistinguishable 
clinically from that resulting from magnesium adenosine triphosphate ; 
none of the mice died that received hypertonic glucose alone. The 
results with spores and hj^iertonio glucose (table VU) were siinilnr 
to those with spores and magnesium adenosine triphosphate. Hyper- 
tonic glucose and spores intraperitoneally produced a distinct increase 
of the lethal effect of the spores. When the spores were injected 
intraperitoneally and the hypertonic glucose subcutaneously the 
difference between test and control groups provided suggestive but 

12 
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not conclusive e'lndence that the shocked animals 'svere less able to 
resist infection. 

Table VH 

Effect of anthrax spores +hypertonic (60 per cent.) glucose -in a dose 
of 0*2 c.c. per 10 g. 


Espeiiment no. 

Xo. of zalce (killed/fnocnlatcdl 

Hypertonic glucose 
alone 

5pof?5 alone 

H> 7 >cr!oaJc gkcosef 
feporca 

Hypertonic glucose and spores together intraperitoneally , 

1 

0/10 

3/10 

9/10 


0/10 

2/JO 

lO/lD 

Hypertonic glucose suhcutaaeously, spores intraperitoneally 

3 

QUO 

3/10 

G/10 

4 

0/10 

2/10 

G/ia 


Biscussioi? 

What emerges from these experiments is the variety of agents 
capable of enhancing the lethal effect of an anthrax-spore infection 
in mice : some normal human sera, some blister fluids from burns, 
0-5 per cent, formalin, human muscle, magnesium adenosine tri- 
phosphate, and, hypertonic glucose. Since our work was designed 
to explore the possibility that the state of shook was itself favourable 
to infection it is of interest to note that experimental shock has been 
produced by formalin (Selye and Dosne, 1940) and by muscle (Green, 
1943} as well as by magnesium adenosine triphosphate and hypertonic 
glucose, and that all four substances, if injected into the peritoneum 
along with anthrax spores, were very regular in their action. Tims, 
along with spores, muscle (0-075 g.) killed 15 out of 15 imee (table IV), 
0-5 per cent, formalin killed 38 out of 40 mice (table Y), ma^esmm 
adenosine triphosphate killed 18 out of 20 miee (teblo VI), and 
hypertonic glucose killed 19 out of 20 mice (table f ™ “ 

go out of 95 mice compared with 34 out of 135 mice killed y p 
alone (table I). Muscle and formalin enhanced the , V 

too smaU to produce any visible effect on the general oon^onbe 
animals, whereas magnesium adenosine tnphosphate ^ 
glucose rapidly caused severe collapse lastmg 6-8 ^ours. men the.e 
two substances were each injected subcutaneously, a j-jq] 

intraperitoneally, the difference in mortality 

mice was suggestive rather than conclusive evidence that ^ ^ 

S been eilLced (tables VI and VH) ; none 

the infection unless injected intraperitoueaUy along with the sp 
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Injury to tho peritoneal lining might account for the results with 
0‘5 per cent, formalin but damage to tissue defences at the site of 
inoculation does not explain all our observations. We publish our 
findings because they appear to support tho view that shock-inducing 
substances can enhance the results of infection. 

Sotduby 

It has been sho^vn that a number of substances used for the 
production of experimental shock can enhance the lethal effect of 
anthrax spores for mice. 

This work was supported by nn expenses grant from the jMcdical Kesearch 
Council. 
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CARCINOJIA OF THE PITUITARY GLAIID WITH 
1D2TASTASES TO THE LIVER IN A CASE OF 
CUSHING’S SYNDROME 

WiLLiAai Forbes 

From the Departments oj Pathology of the Vniicrsitxj and Royal Infirmary 
of Edinburgh 

(PliATES X\n[II AND XIX) 

This case is considered worthy of publication on account of the 
extreme rarity of the condition and because of certain unusual features 
wliich emerged during the study of the lesions. 

Case report 

Abstract of chntcal examination 

The patient was a spinster of 43 on her first admission to hospital on 
12 4 44 She complained of swollen ankles, growth of Imir on tho face of 
8 months’ and pigmentation of skin of 3 or 4 years’ duration, ond mcreoso in 
weight during the past 14 years, Wlien exatnmed, tho skm had an mtense 
duslQ^-red colour, B,P, was 230/130, Hb. 110 per cent, and red colls 6 5 million. 
X ray exammation of the skull showed a normal pituitary fossa. The urmo 
presented no signs indicative of adrenal tumour. 

She was re admitted to the care of Mr N, M. Dott on 18.11.44 having obtained 
no relief of her previous sjTnptoms: B P. was 200/134. Mr Dott considered 
her to he a typical example of Cushmg’s syndrome and advised a course of deep 
X-ray therapy to tho pituitary. Little change was noticed as a result of this, 
and she was sent home on 22 12.44. 

She was seen at regular mterv’ols until re admitted on 5.9.45, No marked 
change had occurred, except that the face and neck showed deeper pigmenta- 
tion and facial hair had increased in amount. She was still regarded as a 
Cushing’s syndrome, but tlie complete failure of X ray tlierapy raised the 
possibility of a suprarenal lesion being responsible for her condition. Basophil 
adenoma of the pituitary was finally favoured because: (1) hormone estima- 
tions in the urmo provided evidence m support of this view ; (2) X-ray examina- 
tion of the skull showed erosion of the dorsum sellie, though little if any 
enlargement of the pituitary fossa Mr Dott decided that further irradiation of 
the pituitary was mdicated and implanted three radon seeds into the exposed 
organ. At operation, the pituitarj' was found to bo normal on external 
examination. A few fragments of tissue were remoied from the gland and 
hicmostosis was ensured by placing some fibrm foam in tho little cavity thus 
produced. The material removed was exammed by Colonel W. F. Harvey, 
who reported that it showed only necrotic ti&sue with an mdistmct and largely 
acellular pituitary pattern and little or no leucocj’tic reaction. The appearances 
euggested radionecrosis 
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m operative fmduigs ruled out the presence of a large adenoma capable 
of ^storting the pituitary, but it was considered that a small adenoma well 
mside the organ could stUl be present. The patient made a good rccovcn- 
from the operation and was discharged on 8,10.45 for a 3 months’ rest, after 
which she was to he re-admitted for further assessment, with possible exploration 
of the suprarenals. 


She was re-admitted on 2.1.46 complaining of breathlessness and swelling 
of her legs with increased skin pigmentation. Professor D. SI. Dunlop wm 
asked to see her and decided that she was suffering from congestive cardiac 
failure, with a focal brain-stem lesion of vasospastic origin due to an acute 
hypertensive attack. He suggested arrhenoblastoma of the ovaiy as on 
alternative diagnosis to a pituitary or suprarenal lesion. She was transferred 


to the care of Professor Dunlop for medical treatment, but steadily deteriorated 
during the last month of her illness. She became very apathetic and her 
intellectual powers gradually declined. Bedsores developed which did not 
respond to penicillin, a terminal rise in temperature and pulse occurred, and 
she died on 13.2.46. 


Post-mortem examination 

The body -was that of a well-developed, well-nourished, middle-aged 
woman. The face was puffy and cj'anotic, and the entire skin surface 
was of a distinct brownish-coppery colour, especially over the upper 
part of the body. Well-marked development of hair was present on 
the chin and upper lip, while the pubic hair was of masculine 
distribution. 

The serous sacs showed no significant changes apart from oblitera- 
tion of the apices of both pleural sacs by old adhesions. 


Endocrine system 


Pituitary gland (fig. 1). The entire .gland showed moderate en- 
largement, especially in the transverse and antero-posterior planes, with 
consequent moderate expansion of the sella turcica. Superiorly there 
protruded a slightly lobulated mass of tissue of fairly firm consistence 
and greyish-white colour, over which the optic cliiasma w'as stretched 
though not grossly compressed. The gland was everytvhere adherent 
to the walls of the pituitary fossa and some slight difficulty was 
encountered in removing it. The bone in intimate contact with the 
pituitary was soft and cut easily with the knife, suggesting infiltration 
of its substance. A vertical section through the longest (transverse) 
axis of the suprasellar protrusion revealed a fairly firm mass o tissue 
of greyish-white colour, below which was a circumscribed zone ol 
crumbling necrotic material. No signs of normal pituitary trssue 
could be made out. Three radon seeds were found in the tissue an 


were removed. . , ii 

Sitprarenal glands. Both were hjqiertrophied, with scattered - 

adenomatous nodules in the cortices. _ was 

Thyroid gland. A single spheroidal cyst l-5_cm. m diam^ 
present in the right lobe of the thyoroid : it contained thin brown fl 
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CardlovasotUar system 

The /learl was enlarged and its ohamhers moderately dilated, the 
left ventriole showing also well-marked hypertrophy. Apart from 
slight coronary atheroma, no other abnormalities were detected. 


DigostivD system 

1^0 abnonnaKties were found in any part of this system, with the 
exception of the liver. 

The liver (fig. 2) was slightly swollen and soft in consistence, 
though retaining its usual shape. The parenchyma was pale yellon-ish- 
brown in colour, very soft and diffusely mottled. Scattered throughout 
the parenchyma at fairly wide intervals were eight spheroidal deposits 
of tumour tissue, ranging from I "6 to 0-6 cm. in diameter. They 
were greyish white, firm and sharply demarcated from the surrounding 
liver parenchyma. 

Respiratory system 

Larynx, trachea and bronchi. The mucous membrane was con- 
gested and the lumen contained much muco-purulent secretion. 

Lungs. Both apices showed fibrosis and the lower lobe of the 
left lung on almost completely confluent bronchopneumonia. 


Genito-urlnary system 

Kidneys showed cloudy swelling and finely granular surfaces. 
The right pelvis contained a small calculus. Left pelvis normal, as 
were ureters and bladder. 

Vterus and appendages normal. 


Lymph vascular system 

Lymph nodes were free from neoplasm. 
Spleen showed septic changes. 


Central nervous system 

No abnormahties. 

HjSTOLOOIOAI. EXASttNATlON 

Pituitary gland (fig. 5 ). The entire gland is almost completely 
destroyed and replaced by a malignant neoplasm. Close to the 
periphery, in the superior part of the lesion, there is a small area of 
surviving normal anterior lobe, but apart from tMs, no signs of 
pituitary tissue can be found. With hematoxylin and eosin staining 
the neoplasm is found to be composed of completely undifferentiated 
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cells packed closety together and exliibiting little pleomorphisni 
The majonty of the cells are round or oval, except where mutual 
compression has caused some distortion, with a prominent nucleus 
and fairly abimdant cytoplasm. The cj*topIasm is everj^rhere licht 
greyish pink in colour and appears to be free from granules. The 
nucleus is round and prominent and possesses a clear nuclear 
membrane. The chromatin takes the form of a very fine reticular 
network, with, in some cases, small scattered aggregations of 
chrornatin material. A single bright-pink-staining nucleolus is a 
prominent feature in most of the nuclei, wliile a few show two nucleoli. 

^ IVIitotic figures are scanty. Cell morphologj’" is remarkably uniform, 
the majority of the cells conforming to the above description. In 
addition, scattered throughout the section at irregular intervals, 
there are distinct giant-cell types ranging in size from stnictures 
approximately twice as large as the uniform cells to bizarre tjpes 
approximately four or five times as large. In the smaller types, the 
nucleus is merely an enlarged replica of the ordinary nucleus already 
described, whereas in the large giant cells the nucleus is either multiple 
or a single markedly convoluted structure with a relative!}’ hcavj’ 
chromatin content. 

In the inferior part of the specimen, well below the projecting 
suprasellar nodule, there is an extensive area of necrosis, in some 
parts of which ceU outlines can still be made out very indistinctly. 
In immediate relation to this area there is a small reticulated mass 
of fibrin, presumably the remains of the “ fibrin foam ” applied at 
the operation. At the lateral margins of the tumour, well-marked 
infiltration of the bony wall of the pituitary fossa can be seen 
(fig. 3). 

The neoplastic cells are supported by a delicate fibrous stroma 
in which run fairly numerous small vessels composed of a single layer 
of endothelium. The neoplasm is composed of three distinct cell 
masses, namely the projecting suprasellar mass and two smaller 
masses below and lateral to this area. The three masses are separated 
by wide areas of fairly dense fibrous tissue, the structure of which 
contrasts strikingly with the delicate fibrous stroma running in the 
neoplastic tissue proper. 

Sections were stained with eosin and pjTTol blue (Biggart, l93o) 
in order to study the condition of the cytoplasm (fig. 7). In most of 
the cells the cjdoplasm is free from granules and stains uniformly 
greyish green, the general appearance greatly resembling the^normal 
non-granular chromophobe cells of the anterior lobe. (Big- > 
the cells bluer in colour than in the original section.) In 
in two areas of the tumour there are small groups of cells who--^ 
cytoplasm contains distinct eosinophilic granules. Tliis appearance 
interesting in relation to the cytology' of the cells found m the secon ^ 
deposits in the liver (vide infra). True basopliiUc cells are PrC’^ . 

In the small piece of surviving normal antenor lobe, the 
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three ceU typen are well seen, and, 

cells show hyalinisation as desonbed by CrooKo (1935). 

“ (figs, 4 and 6). Examination of all the "coplast.e dopomts 

reveals a similar picture. 

rtataed wk^toatoxyUn and cosin show ‘''.“Y'’'*-trthoso°^f X 
general arrangement of tlm calls ate identical with those of the 

^XeotfonrstaXa with cosin and pyorol bine, however, reveal a 
surprising picture (fig. 8). Almost without exception the cytoplasm 
of the various cells is granular, and in most of them the granules a 
closely packed and strongly cosinopbilio in reaction. In the remainder 
the granules ate purple, suggesting incomplete development of true 
eosinophilic granules. The appearance of the cells in general is very 
similar to that found in eosinophilic adenomata of the pituitary* 
Basophilic cells ate not present and cells of chromophobe typo shnilav 
to those seen in the pituitary^ neoplasm are cither very’ scanty’ or 
apparently completely absent in some of the deposits. 

Suprarenal glands. The cortex is increased in amount owing to 
the presence of fairly numerous areas of adenomatous hyperplasia and 
to hypertrophy of the cortical tissue in general. 

Other organs show no significant changes apart from broncho- 
pneumonia in the left lung, mild renal arlotiosclcvosia, hypertrophy 
of the muscle fibres of the left ventricle and moderate septic changes 
in the spleen. 

DisenssroK 

Primary earcinoraa of the pituitary- is a rare condition and its 
extra-cranial dissemination excessively rare. Eiving (1940) mentions 
very briefly' a single case, quoted at second hand from an early paper 
which can safely be discounted. Bailey and Cutler (1940) surveyed the 
literature to 1940 and came to the conclusion that distant metastases 
had yet to he demonstrated. Dissemination within the cranial cavity- 
or along the spinal meninges occurs occasionally and cases have hcon 
reported hy Stolpe (1904), Cagnotto (1904), Smolor (1009) and Cairns 
and Russell (1931). Willis (1934) examined the few reported cases 
ot extra-cranial dissemination as far as 1933 and concluded that most 
fallacious. Thus in some cases it appeared 
deZn aeopW “ pituitary was itself a metastatic 

II * extra-oramal source such as the lung, w-lifio in 

Xr “ ““cinoma originating from 

P yngeal epithehum and directly invading the pituitary or a 

of Eatlike’s poucin He rXrdcd 

asdoubTfufixamJe? (W25-20) 
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the pituitary to be a metastasis from an extra-cranial source (personal 
communication &om air N. M. Pott). The case reported by Buckle 
IS that of a spheroidal cell carcinoma of the pituitary ivith metastases 
to the cervical lymph nodes, lungs and pleura, but here again the 
evidence is inconclusive and the possibility of an origin from epithelial 
tissue other than that of the pituitary cannot be ruled out- 

Thus as late as 1933 it would appear that no true and unreservedly 
acceptable example of a mah’gnant pituitary neoplasm with extra- 
cranial metastases had been reported, and a thorough examination 
of the literature from 1934 to date has revealed only one acceptable 
example (that of Cohen and Dible, 1936). Following a search of the 
literature, these authors regarded their case as unique at that date. 
The patient was a spinster aged 50, who was diagnosed as a case of 
Cushing’s syndrome of 5 years’ standing. At post-mortem examination 
the pituitary appeared in the form of a dark, plum-coloured, lobulatcd 
tumour, which, on histological examination, had the structure of a 
basophilic carcinoma of the anterior lobe. The liver showed 3 or 4 
small pale nodules of neoplastic tissue, the histology of which was 
similar to the lesion found in the pituitary. Increase in the amount 
of cortical tissue in both suprarenals was also present and the left 
ventricle of the heart was hypertrophied. The authors concluded that 
the case was one of Cushing’s syn^ome of 5 years’ duration, presum- 
ably due to a basophil adenoma which, benign at the onset, had later 
changed to a basophil carcinoma. 

The case presented in this paper is believed also to be an example 
of primary carcinoma of the pituitary with extra-cranial metastases. 
This assumption is based on the following observations. (1) The 
clinical evidence suggested that a lesion of the pituitary was responsible 
for the Cushing’s syndrome presented by the patient. (2) Examination 
of all possible sites of neoplasia post mortem revealed neoplastic tissue 
only in the pituitary and liver. (3) Histological examination of th® 
pituitary tumour showed it to be a chromophobe carcinoma of t o 
anterior lobe, although a few cells containing eosinophih'c ^ami cs 
were also present in some areas. (4) The nodules of neoplastic tissue 
in the liver faithfully reproduced the structure of the pituita^ 
neoplasm, except for the presence of eosinophUic ^ 

cjdoplasm of most of the cells, (5) The cells in both neop as ic a < ^ 
were quite unlike those found in primary hepatic carcinoma an ^ 
gross distribution of the hepatic lesions was also agams ■ m 
The possibility that the neoplasm in the pituitary was a meta - ^ 
ftom a primary hepatic carcinoma is so remote t a i 


iscounted. , ,, of 

Assuming that the neoplastic tissue in the liver was ^ gjfjjjjjge 
issemination from a primary carcinoma of the pituitary 
1 cell type from chromophobe to eosmoplul , -j orfls 

[deration. During the development of the normal cfe 
f the anterior lobe of the pituitary it is believed 
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authorities that the chromophobe cells acquire granules and differ- 
entiate into one or other of the chromophil types (Sevcringliaus, 1938). 
Assuming that tliis view is correct, it is tontativ'ely suggested tliat in 
the present cose the primary neoplasm in the pituitary is a chromo- 
phohe carcinoma, while the secondary deposits in the liver have 
resulted from differentiation of the malignant chromophobe cells 
into eosinophilio cells of varying degrees of maturity. The presence 
of a few eosinophilic cells within the primary chromophobo tumour 
could also be explained as due to eosinophilio differentiation. 

Since no signs of a malignant neoplasm of the pituitary were 
found at operation five months before death, it is reasonable to 
assume that the carcinoma found at autopsy was not responsible for 
the clinical manifestations which had developed several years before. 
The fact that the pituitary, when exposed at operation, was of normal 
appearance, does not, however, exclude the presence of a basophil 
adenoma of the anterior lobe, since these lesions are often quite small 
and lie well within the substance of the onterior lobe, producing little 
or no distortion of the gland (Biggart and Dott, 1930). Hence the 
suggestion is put forward that the development of a carcinoma in 
the pituitary was a relatively late phenomenon in tins case, duo to 
malignancy supervening in a small pre-existing basoplul adenoma. 
The role, if any, played by X-radiation in this transformation is 
conjectural. 

SUMSIABY 
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A case of carcinoma of the pituitary with metastatic spread to the 
liver is described and discussed. The neoplasm was a late phenomenon 
in a case of Cusliing’s syndrome and was thought to have developed 
from a pre-existent small basophil adenoma of the anterior lobe of 
the pituitary. The cells comprising the pituitary neoplasm were 
predominantly of chromophobe type, while those in the metastases 
were almost all of eosinophil type. It is suggested that this appearance 
was due to incomplete differentiation of eosinophil cells &om the 
malignant chromophobe cells. 

I wish to thank Professor A. M. Brennan for his interest in the case and for 
his valuahlo advice. Mr N. M. Dott and Professor D. M. Dunlop very kindly 
placed aU their clinioal records at my disposal and gave me permission to 

publish the case. The photomicrographs ore the skilled work of Mr T C Dndda 

F.K.P.S., of this Department. * * * 
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RMUOLYTIC ACTIVITY OF C. DIPHTBBBIJEi 
li. P. Hewitt * 

From the Serum Research JfWtilHle, GarsTioJfoni Surrey 

BjEMOiYsis by 0. diphthertK is the eubjecl ot eomo conflictmg wporte. Earite 
worbors (Scbwotier, 1S04 i Costa, Troisier and Dauvorgno, 1918) found that 
whole broth cnlluios hffimolyaed rabbit, erjdhrocylo but that culture filtratM 
were inaotive and the lytio activity was destroyed by licnting. Iforomersohin\dt 
(1924) therefore concluded that there vraa no soluble hremolj'sm and that 
haemolysia was effected only by living bacteria. On the other hand Goldio 
(1933) claimed that hainiolj*sis by O. diphtheria was a property of coll-froo 
filtrates, that luemolysin production ran parallel with toxin production and that 
the hfeinolysin was not destroyed hy boiling. 

Agreement is nlstj lacking about tba diagnostio eignUicanco ot htamolyala 
by strains of C. diphtheria:. Costa el at. reported htemolyaia by all true diphtheria 
strains but not by diphtheroids, whereas Schwoncr noted absence of htemolysia 
with some true diphtheria strains, particularly from roild casca and in old 
cultures. Transience of luemolytio activity was noted by Heoron and Jlegrail 
(1030). The separation of 0. diphtherial into mitis, gravis and inlermcditts 
types has not clarified the position. Among gravis strains in Mnnehestor 
Bobinson (1934) found about ono-third hicmolytio and half of those boearoo 
non-lueraolytie on prolonged subonlturo. In Loods both hsemolytio and non- 
haroolytio gravis strains were found (Anderson, Happold, Mclaiod and Thomson, 
1031 j Bobinson and llorehall, 1934). In Berlin, however, gravis slrnins were 
consistently htemolytio (Christison, 1934-35 ; SchiSf and Weibei, 1935). 


It seemed desirable, therefore, to collect more information about 
the hamelj-tie activities of C. diphtheria!, particularly as to the 
possible existence of a soluble hasmolysin. 


Experjoientai, observations 


Strains used. Two hundred and twenty-five strains ivero in- 
vestigated, most of them recently isolated from patients, and others 
which had been kept in laboratory subculture for varying periods. 

Observation of hmrnolysis. Haemolysis was observed in liquid cultures, 
since these axe more amenable to quantitative study than cultures on 
solid media. The technique adopted as standard was the addition of 
0-5 c.c. of a 5 per cent, suspension of washed rabbit erythrocytes to 
the culture or other preparation and adjustment of the total volume to 
2 0.0. with saJine, Tubes were incubated in a water-bath at 37° G. for 
one hour and the degree of hiemolysis was read immediately, since 
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at room temperature had Kttle effect on the result except 
to increase slightly degrees of partial hffimolysis. Under these 
conditions I c.c. of culture of an actively hremolytic strain produced 
complete or nearly complete hmmolysis; there\-as less hajinolysis 
with 0-5 or 0-2 c.c. of culture and none with 0-1 c.c. Unless othendse 
stated readings throughout this communication refer to tlie degree 
of haemolysis produced by 1 c.c. of culture in 1 hour at 37“' 0. 

of age of culture. 0*5 c.c. of a rabbit red-cell suspension 
was added to I c.c. of culture of a 7niiis strain of C. diphtheria: after 
varjdng incubation periods, and the degree of hemolysis was obsen-ecl 
after further incubation for one hour, with the results shown in 
table I. 

Tabue I 

Haemolysis with C. dtphtheriae mitfs after varying periods of ciilture 

( 5 

06 I 144 ) 


lacubatioQ period of culture 

HH 

2 

3 i 





(hrs.) 

Degree of hcemolysis 

BB 

B 

-f+l 






C — complete or nearly complete hicmolysis, 
-f + +5 -1- -f -1 etc. = varying degrees of partial haimolysis. 

— s= no ha:molyBis. 


In general, with cultures of an active strain, maximum haemolysis 
was observed after 3^-4 hours’ incubation. These observations were 
made with a papain digest medium containing 0-3 per cent, maltose 
which was sterilised by filtration and steaming and seeded with a large 
inoculum. ^5 per cent, by volume of the medium). It is important 
to note that uniform media must be used for comparable results in 
hremolytic tests. 

Erythrocytes of different species. Nine recently isolated strains 
were grown for 18 hours in papain digest broth and the hicniolytic 
activities of the cultures were tested against suspensions of washed 
erythrocytes of five different species. Results are given in table II. 

Table II 


Hosmolysis with different strains of C. diphtheriai against 
erythrocytes of various animals 
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Repeat experiments with different preparations of erythrocytes 
gave variations in detail but the same general results were obtained, 
and Goldie’s observation of considerably greater sensitivity of guinea- 
pig erythrocytes was not repeated. Accordingly rabbit erythrocytes 
were used in most of the succeeding experiments since they are 
conveniently obtained and the results are readily comparable with 
those of other workers. 

Differetit strains. Similar results were obtained with either liquid 
cultures or blood-agar plates. Definite haemolysis was sometimes 
observed on plates after 18 hours’ incubation, but on other occasions 
further incubation or standing at room temperature was nece.5sary 
before haemolytic zones became manifest. The haemolytic effects 
produced by 1 c.c. of papain digest cultures of the strains examined 
are given in table III. 

Table IH 


Hmmolysis with various strains of C. diphtherim 


Tit* 

No.ofstrsiDs 

Xuraber 

cx&miacd 

Stroogly Jiairoolytlc 

Trtco 


plitia 

120 



33 

gravia .... 

80 



33 

intermediua 

25 



25 


It m'll be noted that no intermedins strain showed any haemolytic 
activity, but that among both gravis and mills sbains some 
were haemolytic and others non-haemolytic. In mitis strains there is 
some indication that haemolytic activity can be correlated 4vith 
antigenic structure. Investigations on the serological typing of mitis 
strains are not yet complete but results so far obtained are as follows. 
Of 42 strains belonging to 4 serological types all were haemolytic, 
wliilst of 11 strains belonging to another type none was h£Bmol 3 d,io. 
Nevertheless some mitis strains have been isolated wliioh, although 
agglutinated by the same serum, differed in haemolytic activity. There 
is some indication that these strains may be capable of differentiation 
by more detailed serological investigation. 

By way of contrast the haemolytic activity of gravis strains showed 
little correlation with serological type. Among 45 strains of t 3 'po I 
which have been isolated there was every degree of haemolytic activity 
from the strongly haemolytic to the completely inactive ; 21 strains 
were strongly haemolytic. 8 showed a trace of haemolysis and 16 gave 
no haemol^'sis. With type II strains all are apparently haemolj’tio 
when freshlj' isolated. - Of 15 strains belonging to 8 other serological 
tjqies none was strongly hsemolytio. 









148 


L. F. HEWITT 


In most of the succeeding experiments one miiis strain (5590) vas 
used and crucial experiments were repeated with other strains. 

Bacterial suspension^. Bacterial suspensions of haimolj-tic strains 
were prepared by waslimg off senun agar slopes or centrifugin<^ broth 
cultures. Bor hsemolytic tests saline proved as effective a suspending 
medium as broth despite the lethal effect of saline in dilute suspensions 
reported by Holt and Wright (1940). All the suspensions were 
hsemoljd^ic. 

Disintegrated organisms. Bacteria washed off serum agar slopes 
and found to be actively hsemolytic were dried in vacuo and dis- 
integrated partially by grinding in an agate ball mill for 48 hours. 
Some intact organisms were still visible in a stained smear but the 
suspensions (and sterile filtrates) were completely non-hremolytic. 
Extracts of the ground organisms still fixed complement in the presence 
of homologous sera, indicating that the grinding process had not 
destroyed cell constituents. 

Culttire filtrates and toxins. Actively haemolytic cultures in different 
media were incubated for periods ranging from 4 hours to 10 days 
and were then filtered through Ford filter pads of different porosity 
and tlirough Maasen filters, but all the filtrates were inactive. In 


view of Goldie’s claim to have obtained hsemolytic filtrates of C, 
dipJithericB with hsemolytic activity proportionate to toxin content, 
and since my recently isolated strains were poor toxin producers 
compared with some laboratory’’ strains, I investigated a toxigenic 
Parh-WiUiams 8 strain. Again however the filtrates were all non- 
haemolytic although some contained 80 Lf of toxin per c.c., whereas 
Goldie’s most potent filtrate contained only 26 Lf per c.c. Different 
filtration technique did not affect the result. Various reagents were 
added to the cultures both before and after filtration, including 


iodoacetate, hydrogen peroxide, potassium ferrioyanide, potassium 
cy’^anide, cysteine, thioglycoUate and toluol — all with negative results. 

A further possibility'’ remained that the discrepancy between 
Goldie’s reported observation of hsemolytic filtrate and the failure of 
other workers to obtain a soluble haemoly’sin was due to differences m 
the technique of obser’ving hcemotysis. As already stated, rabbit ce » 
were used in the present experiments and hmmolysis was observe 
after one hour’s incubation at 37° C., whereas Goldie used guinea pig 
cells, incubated for 4 hours and observed limmolysis after a further 
18 hours at room temperature. Even folio’wing Goldie s tec miq c 
exactly, however, no hsemoly^sis was observed in culture filtrates. 

In an attempt to find an explanation of the discrepancy con 
experiments w'ere set up. The pS of the filtrates media 

present experiments did not exceed 8*2 or 8-4, bu m so 
more allraline reactions were reached and frequently ^ 
with the potency of the toxin. Therefore ® ^ ^vere 

without toxin were adjusted to pH ^ ^ 

incubated with erythrocytes as in Goldie’s experiment. There 



140 


HMUOLYTIO ACTIVITY OF C. DIPHTHERLE 

little hfemolj'sis at pH 9-0, considerable hajmolysis at 9-5 and complete 
htemolysis with broth at pH 10-0. It is possible therefore that the 
heat-stable hiemolysin of Goldie was due to the alkaline reaction of 
the culture filtrate. 

Burnet’s (1930) method of obtaining staphylococcus hcemolysin 
was apphed to 0. diphthericB. This involved cultivation in 0-6 per cent, 
agar in an atmosphere containing 80 per cent. Oj and 20 per cent. 
CO. Hiemolytic tests of filtrates were negative ivdth Burnet’s method 
and when 10 per cent, of serum and 0-1 per cent, of potassium ferri- 
oyanide were added, either together or separately, in order to enhance 
growth. 

Extraction of haimolytie streptococci ivith serum (Weld, 1934, 
1936) yields a luemolysin but this technique applied to O. diphiherice 
failed to yield luemolytio filtrates. 

Dialysates. A cellophane bag of broth was inoculated with a 
hiemolytio strain of G. diphtheria! and suspended in a vessel containing 
a 5 per cent, suspension of er 3 rtlirocytes, and the whole incubated at 
37° C. for 48 hours : no hemolysis was obsen’ed. 

Supernatant fluids. Since it is possible that any soluble hiemolysin 
produced by C. diphthenca might be adsorbed by filters, actively 
hsemolytio cultures were centrifuged but hiemolysis was not observed 
with any of the supernatant flmds, although all the variations described 
in the section on filtrates were investigated. The centrifuged bacteria 
uhen re-suspended were found to have the same haemolytic activity as 
uncentrifuged cultures. 

A vanation of these experiments was made by adding erythrocytes 
to the culture before centrifuging. Under these conditions the 
organisms centrifuged down very rapidly. The mixture of bacteria 
and erythrocytes showed hmmolysis when re-suspended, but the 
supernatant flmds did not hsemolyse fresh erythrocytes. There was 
an apparent acceleration of hieinolysis when the bacteria and 
erythroo 3 des were incubated for a short time before centrifuging. 

Effect of lanous agents on hatmolgsis by C. diphtheniB 

SH compounds and reducing agents. Cysteino added to cultures munedmtoly 
inhibited haemolysis down to a ddution of 1 • 2000, but tha oxidised form 
oystme, had no effect even at 1 : 200. This inhibitmg effect of oystema was 
reversed by reagents which eombme with SH groups, e g lodoacetio acid. The 
same immediato reversal of oysteme inhibition was observed regardless of the 
order m which the various reagents, t.e. culture, erythrocytes, oyetoine and 
lodoacetate, were mixed. Reversal of the effects of cysteme was also obtamed 
by oxidation with atmospheric oxygon when the cultures were gently shaken 
in nir. 

In another experunent cysteme was added to a haimolytio culture followed 
by erythrooi-tes There was no hromolysis after on hour’s moubation and the 
culture contammg erythrocytes was centrifuged. The re suspended mixture 
of baotona and erythrocytes showed lucmolysis, whdst the supernatant fluid 
mhibited the hiemolysis of erythrocytes on a fresh culture. This experunent 
mdicates that cysteino remains free in the culture fluid and is not anchored 

3 rA'ni BAcr — voi tix - « 
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to the bactena or erythrocytes, although there is a possibilitv thif . . 

amount of cysteme may have been attached to the ceHs but was osidroci"wlT 
they were re-suspended. Two other compounds containinc SH ^oTmt i 
thioglycoUic acid and sodium hydrosulphite, also inliibitJ^^p^tlST™' ''' 
lj,». 0„ the other h„d «tU tlhooro. end tbieu^oil, “ia do 
SH groups but oonlam sulphur ond inl.ibit some enr,™ oMions, no inldbil’iijn 
of htGinolysis "was observed oven at a concentration of 1 * 500 

agent, ascorbic acid, which ia free from SH groups did 
not mliibit haemolysis in concentrations up to 1 : 50. © i » 

Oxidising agents. Various oxidising agents failed to inhibit bfcraolysis and 
even appeared to have a slight accelerating effect, the oxidising agents in- 
vestigated being 0-6 per cent, of 20.volume hydrogen peroxide, 1 per cent, 
potassium ferricyanide and 0-1 per cent, sodium hypochlorite. Higher con- 
centrations of hydrogen peroxide (5 per cent, of 20.volumo reagent) inhibited 
hsemolysis and growth of cultures. The accelerating effect of o.xidising agents 
on hemolysis may be due to the increased rate of multiplication under o.\'idi.sing 
conditions. The increased multiplication rate is not necessarily reflected in the 
results of viable coimts, whicli represent the net result of multiplication less 
death, and it is probable that oxidising agents accelerate the death rate of 
organisms as well as the rate of multiplication. 

Methylene blue in a concentration of 0-0002 per cent, had no oflect on 
hiemolysis but 0-002 per cent, had a slightly inhibiting effect and 0-02 per 
cent, methylene blue inhibited hsemolysis completely, probably by its antiseptic 
action. 

Antiseptics and other chemicals. Treatment of cultures with toluene for 


30 minutes partly inhibited luemolysis and longer treatment suppressed 
hsemolysis completely. Hsemolysis was also inhibited by 0-00005 per cent, 
acrifiavine, 0-0001 per cent, thiomersalate (merthiolate), 0-02 per cent, iodine, 
0-5 per cent, phenol, 0-5 per cent, formalin, and 6 per cent, hydrogen peroxide 
(20-volume reagent), but 0-2 per cent, iron alum had little effect. Brnmolysis 
was tmaffected by 4 mg. of copper per c.c. (added as copper sulphate) but was 
completely inhibited by 10 mg. per c.c., which also inhibited multiplication of 
the bacteria. No effect on haemolysis was produced by 0-2 per cent, liydro- 
quinine or anthraquinone sulphonate, or by 1 per cent, glucose. 

With iodoacetic acid (sodium salt), 0-1 per cent, or less had no effect on the 
haemolytic activity of 4-hour broth cultures, but 0-2 per cent, was slightly 
inhibitory and 0-5 per cent, iodoacetate suppressed hajmolysis completely. 
Added to a culture at the beginning of incubation, 0-02 per cent, or more of 
iodoacetate had a slight bacteriostatic effect, and both growth ond hsemolytio 
activity were diminished. Potassium cyanide (0-05 per cent.) had no effect 
on htemolysis hut in high concentrations inhibition of haemolysis was observed. 

Streptolysin is inliibited by cholesterol suspensions at a dilution of one in a 
million (Hewitt and Todd, 1939) but cholesterol had no effect on Jircrnolysis by 
G. diphthericE even at 1 : 1000. Hmmolj’sis by the a-toxin of Cl. welchii is exalted 
when the calcium-ion content is increased, but neither addition of calcium nor 
decrease of calcium ions by addition of oxalate affected liamolysis by 0. 


diphtheria;. ... . 

Heat resistance. HffimolysLs was entirely inhibited when cultures v ere 
heated in a water-bath for 5 minutes at 62° C., or for 16 minutes at 40 t. anu 
was retarded even by 15 minutes at 43° C. , 

Hydrogen ion concentration. With adjustment of 1-?' 

optim^ hsemolysis at pH 7 and 8 and inhibition at pH 6 and » 

Normal semi. Hsemolysis was inhibited by the addition to broUi oH ^ 
cent, or more of rabbit serum. The effect of normal horse ^ 

table V Cultures were grown in broth containmg ^anous amou 
htie s;r«d the bacteria were centrifuged down and re-suspended m 
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broth containing tho some amount of scrum. Tlie suspensions and supernatants 
■were then tested for hiemolytio activity. 

TJ1DI.E IV 


FjfecI of pH on hamolyaia by C. diphtherias 


1 

pS. \ 

6-0 

1 

7-0 1 

1 

8'0 j 

9-0 

Hicraolysia j 

- 

C j 

c 1 

+++ 


Tabi^; V 


Hamalyaia in presence of normal horse serum 


Amoiiot of serum In 
broth (per cent.) 

Suspension 

gupemAtnot fiuld 

o 

C 


5 

c 


10 

-t-h-t 

*- 

20 

+ H- 



Antitoxic and antibacterial sera. Potent refined and concentrated 
antitoxic sera tvere diluted 1 : 100 in order to avoid tho effects of 
serum proteins and 0-25 o.o. of antitoxin dilution was added to 1 o.c. 
of culture (table VI). 

Tabue VI 

Effect of antitoxin on hmmolyaia 


Antitoxin added 

QsmolF&ls 

nil 

C 

Diphtheria, 10 units 

C 

Welch, 4 units 

c 


Since diphtheria antitoxin had no effect on haimolysis an anti- 
bacterial serum was prepared in rabbits. The serum, wliioh 
agglutinated the homologous strain completely at a dilution of 1 : 260 
in 1 hour at 65° C., had no effect on hiemolysis when it was added 
to the cultures at a dilution of I : 25 and the mixture incubated for 
an hour at 37° C. before the addition of erythrocytes. 

Penicillin. Penicillin inhibited hsemolysis, the inhibition being 
parallel with the effect on growth and more rapid in younger cultures. 
The effect of adding penicillin to cultures of various ages and incubating 
for various times before adding erythrocytes to test for hmmolysis is 
summarised in table VII. 

Shaking the penicillin-treated culture accelerated inhibition. 
Without shaking, an X8-houc culture had to bo incubated witb 
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pemcilHn for some 5 Jjours to inhibit hjemolj'sis but with continaoiK 
gentle agitation complete inhibition of lijemolysis rras ohserrcd after 


Tabus YU 

JBJfect of 10 units of penicillin on hamolysis 


Time of Incutatioa with 
peuJclUlo (lire.) 

Age of cuttcre (to,) 



SI 

6 

... 

IS 

0 


c 

c 


— 

+ 

c 

i 

— 

?* 

c 

2 

— 

— 

c 

3 

— 

— 

+ -f-f , 

5 



+ 


half-an-hour s incubation, although tlie hsemoiysis of cultures without 
penicillin was mumpaired by shaking. It is not certain whether the 
accelerated action of penicillin in this experiment was due to hreaking 
down of clumps of bacteria, thus exposing them more rapidly to 
penieiUin attack, or whether the resulting aeration accelerated growth, 
since an increased rate of multiplication may lead to accelerated 
hacterioidal action by penicillin. As shovm later, the technical 
difficulties in viable counts of G. diphtherix were too great for accurate 
measurement. 

In experiments nob yet completed it has been found that increased 
resistance to penicilh'n may follow subculturing 0. diphlherim in broth 
containing penicillin. The hsemolytic activity of four strains originally 
hgcmolytio was reduced after some 40 subcultures in penicillin broth. 


Table nH 


Haemolytic activity of penicillin-resistant C. diptithori® 


strata 

Typo 

Hiomolyiic nctlrity 

Origtonl stralo 

Pcnlclllla-rcslstant 

5595 

tnilis 

c 


5596 

ft 

c 


5601 

gravis 

4- 

— 

5641 

ft 




Viable counts. Attempts were made to correlate the hemolytic actnitj o 
cultures witli their rate of iimltiplicatioii. Direct counts in smears or emu sion 
were most inaccurate owing to the formation of clumps of bacteria, an 
same difficulty was encountered in attempting viable counts with 
methods. The bacteria adhered to the walls of pipettes, mating ‘ ’ 

innccurato, and pouring the dilutions on to the surface of plates 
since the organisms collected in a few largo clumps. Some impr ^ 
obtained by jnmng tho dilutions frith meited agar before Erp^‘^ (Xirth’ 
but the of^gon re,uiro»enls of O. d.y.rterfa led •« •»»» „ 

particularly in agar recently de-aerated by steaming. T 
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ovoroomo by incorporating on oxidising ogont— potassium forrioyonide— in 
serum ogor. This medium appeared very suitable for the cultivation of 
0. diphtherial in deep agar plates and was made up os folloivs i 100 c.o. of 
2 per cent, nutrient agar vras melted and cooled to 65® C. ; then 10 c.c. of horse 
serum were added, foUowed by 1 o.o. of a 10 per cent, solution of potassium 
fen-icyanido freshly made up and filtered tliroiigh a Ford pad. Counts wore 
still liable to gross inaccuracies and, although some improvement was effected 
by shaking the bacterial suspensions with glass beads to break up clumps, tho 
results remained unreliable, ns Wilson (1936) and Holt and Wright (1940) 
found with other bacteria* 

Corjmebaoterium pyogenes hcemolysin 

0, pyogenes forms a soluble hsomolyEin (Lovell, 1937) and lysin was 
prepared for comparison with that of C. diphiheriai. The filtrate from 
a 48-bour meat-broth culture was l 3 itic at a dilution of 1 : 200 and was 
neutralised by the serum of a liorse immunised with tho lysin, but not 
by diphtheria antitoxin. 

Unlike the findings with G. diphtherice, lysis was unaffected by tho 
addition of cysteine. On the other hand hsomolj'sis by C. pyogenes 
lysin was inhibited by cholesterol in suspension at n dilution of one 
in a million, whereas C. diphtherice hmmolysis was not inliibitod by 
1 : 1000 cholesterol. Hiemolyais by the two species of corynobaoteria 
is thus entirely different. 0. ovis, however, resembles C. diphtherice 
in not yielding a soluble haemolysin (Game, 1939). 

UlSOffSSION 

Por diagnostic purposes, hmmolysis by C. diphtherice is of doubtful 
significance. Among 200 recently isolated strains examined, about 
two-thirds of the tnitis strains exerted varying degrees of hremolytic 
activity and about one-half of tlie gravis strains, but no intermedins 
strain produced any lueraolysis. Tho varying results in the literature 
are probably duo partly to divergencies in technique, since differences 
in culture media, cultural conditions and method of observing hasmo- 
lysis yield contradiotoiy results, and partly to tho occurrence of 
hsemolytio and non-hsemolytio strains in epidemics in different 
localities. The strains in this investigation belonged to many different 
serological types but the typing is not yet compieted. There was an 
apparent correlation between degree of hinmolysis and serological 
type wdth mitis but not with gravis strains. It is hoped to elucidate 
this point in further work, but it may be significant that, of 10 mitis 
strains kept in sub-culture and then dried, 8 were actively hmmolytio 
three years later, whereas of 10 gravis strains kept under the same 
conditions none was hsemolytio. 

The recognition of intermedins types presented little difficulty 
using colonial appearance and microscopic examination of stained 
preparations, although an occasional intermedins strain may be 
wrongly reported. The lack of hmmolytio activity in intermedins 
strains is therefore not a valuable aid in diagnosis. The colonial 



154 


L. F. HEWITT 


appearances on chocolate-fellurite-agar plates of many miiis and 
gravis types are however quite atypical but here again lueinolyb'c 
activity is of little value for differentiation, since both tjpes mav ho 
either hmmolj'tic or non-haamolytic. Starch fermentation nui«{ 
remain a criterion for differentiation, but even tlie results of this 
test may not be free from ambiguity as shovn in tlie case of one 
strain, which when received was reported as being of mifis type but 
was found to ferment starch and to be agglutinated by a rabbit 
serum prepared against an authentic gravis strain. On plating-out, 
however, several colonies were selected, some of which proved to be 
starch fermenters and were agglutinated by one of the gravis type 
sera ; the other colonies were of mids type and did not ferment starch 
but were agglutinated by one of the mifis tj'pe sera. In considering 
the results of tj’pe differentiation tests, therefore, duo weight should 
be given to the possibility of infection with more than one 

With hsemoljdic strains of C. diphthericc, both cultures and 
suspensions of living bacteria are hsemolytic but all filtrates examined 
have been devoid of h£emolytic activity. Living organisms, therefore, 
seem necessary for haemolysis and no evidence of a soluble liaemolysin 
has been found. Tliis is in accord vdth the experience of other 
workers with the exception of Goldie, who claims that diphtheria toxin 
filtrates contain a soluble hmmolysin, the hemolytic activity of which 
runs parallel with the toxin potency. This has not been confirmed, 
since toxin filtrates with even three times the potency of Goldie’s 
most potent toxin were completely devoid of haemolytic activity. It 
is perhaps significant that Goldie’s haemolysin was not destroyed by 
boiling — an observation highly suggestive of a chemical artefact. 
No pH measurements are recorded by Goldie but it is well known 
that diphtheria cultures in some media develop a lughly alkaline 
reaction due to the oxidation of fatty acids to carbonates (Hewitt, 
1930). Furthermore, toxin is formed in the later stages of growtii 
when allrali formation is also at its height, so that the most potent 
toxins, which Goldie found the most hmmolj’tic, are often the most 
alkaline. Using Goldie’s technique of prolonged incubation for the 
observation of haemolysis, I found that adjustment of broth witliout 
toxin to pH 9-5 or 10 yielded an artificial “ limmolysin ” which was 
not destroyed by boiling. 

It is difficult, however, to exclude the possibility that a soluble 
hremotysin may be formed by C. diphthericc under some hitherto 
undefined cultural conditions, since all evidence must necessarily o 
of a negative nature. The one possible piece of evidence making i 
worth while to continue the search for a soluble lysin was the zone 
of haemolysis surrounding colonics on a blood agar plate. A ^ ’ 

this zone is generally' only a fraction of a millimetre wide it is f i 'cn 
to visualise how the bacteria can lyse eryrthrocytes with wliici icy 
are not in actual physical contact except through the agency ol a 
soluble lysin. 
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In order to account for the lacli of success in obtaining a soluble 
hsemolysin the possibility rras considered that O, dijihthericB produces 
not only a hiemolysin but also an enzyme system capable of inactivating 
the lysin in filtrates. It might be possible, therefore, to inactivate 
the destructive enzjune and thus allow the hsemolytio activity to 
become manifest. The presence of sulphydryl groups is necessary for 
many proteolytic enzymes and other disruptive systems to function, 
but sulphj’dryl groups are not only unnecessary for hremolysis by 
G. diphtheria: : their presence actually inhibits hmmolysis — an 
inhibition perhaps due to activation of disruptive enzymes. Therefore, 
a reagent which destroys SH groups but does not interfere rvith 
hsemolysis should inactivate the disruptive enzyme and thus protect 
the hsemolysin, which would then appear in culture filtrates. Several 
such SH-inaotivating reagents have been found, each without effect 
on the haemolytic activity of diphtheria cultures except in high 
concentration ; they are iodoaeetio acid, cyanide and hydrogen 
peroxide. But with these reagents I never foimd evidence of a 
haemolyticaUy active filtrate. Piltration of cultures was carried out 
under a variety of conditions, but it was still possible that the hasmo- 
Ij-sin had been adsorbed by the filters. This possibility was excluded, 
however, by centrifuging the cultures. The supernatant fluids were 
devoid of any hiemolytio activity although the re-suspended deposit 
of organisms was as strongly hmmolytic ns the original culture, 
showing that centrifugation was not destructive of the hsemolysin. 

Only living cultures of 0. diphlherice have been found to be 
hicmolytio and hmmolysis is inhibited by any treatment likely to 
stop active multiplication. Thus the common antiseptics immediately 
mhibit hsemolysis, as does heating for 16 minutes at 46° C. C. 
diphlherix multiplies actively when the oxygen supply is abundant, 
and oxidising agents such as ferricyanide, peroxide and hypochlorite, 
which inhibit soluble hmmolysins such as streptolysin, are without 
effect on 0. diphlherice except in high concentrations, which are 
antiseptic. On the other hand cysteine and other SH compounds 
are inhibitory eyen in low concentrations, but the oxidised form 
cystine is without effect. Reagents such as iodoaoetate which 
destroy SH groups reverse the inhibitory effect of cysteine. The 
reducing agent ascorbic acid does not inhibit haomolysis, which suggests 
that the inhibitory effect of SH compounds may not be due to their 
reducing activity. On the other hand no specific combination of the 
cells rvith cysteine could be demorrstrated. 

The dependence of hmmolysis on the presence of actively multiply- 
wg organisms is confirmed by the action of penicillin. Young cultures 
m the logarithmic phase of growth, which are rapidly killed by 
pemoillin, show a rapid disappearance of haemolysis when petricilhn 
IS aclaed, but with older oultirres, which are less sensitive to penicillin, 

^ 8 inhibition of haemolysis by penicillin is also delayed by several 
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Several respects liave been mentioned in Avhicb liaemoirsis bv 
C. dtphtJicrice cultures differs from that produced by various soluble 
lioemoh'sins of bacterial origin. Another example is the effect of 
cliolesterol, which has no appreciable effect on hcemolj-sis by diphtheria 
cultures but which inlubits ha;raol 3 'sis, not only bj' streptolv.siii, 
pneumolysin and the d-lysin of Cl. wckhii, but also by the soluble 
luemolj'sin of another Corjuiebacterium, C. pyogenes. 


StDIMARy 

1. H£emoh’’sis by C. dipWience was obseiwed only in the presence 
of living bacteria. 

2. Any treatment interfering with bacterial multiplication inhibited 
hsemolysis. 

3. Culture filtrates, extracts and supernatant fluids were all 
devoid of hinmolytic actmty. 

4r, No evidence could be found for the existence of a soluble 
hsemolj'sin. 

5. Penicillin inhibited hsemolysis, rapidly in young actively 
multiplying cultures and slowly in older cultures. 

6. Strains in which penicillin resistance was developed showed 
decreased haemolytic activity. 

7. Cysteine and other SH compounds inhibited haemolysis, 

8. Some two-thirds of recently isolated initis strains of C. diphtheria: 
and about half the gravis strains possessed some degree of hromoljtic 
activity, but no intermedivs strain was hoemolyrtic. 

9. There was some evidence of correlation between hceniolytic 
activity’' and serological type with mitis but not with gravis strains. 
Subculture of gravis strains led to diminution in haemoly’tic actmty 
but this was not observed with mitis strains. 

10. Difficulties in the differentiation of some gravis and mills types 
are discussed. 

The author is indebted to Dr R. Cruiclcshanlc, Dr Jf. Gillespie, Dr 31, 
Kristensen, 3Ir R. Lovell, Major J. E. McCartney, Professor J. tV. JIcLeod, 
Dr J. 0rskov, Dr A. B. Rosher, Dr G. Stuart, Professor G, S. Wilson wi'i 
Dr A. Topping for sending strains, and to tlio technical staff of this Institute 
for their painstaking assistance. 
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(Plates XX akd XXI) 

The effect of silica compounds has been H-idely studied in animal 
experiments, yet the manner in wliich they act upon Ihdng cells is 
still uncertain. Of the various silicious minerals, quartz is the 
principal pathogen, and most authorities holiovo it to act on the 
tissues hy liberating sibcio acid which causes necrosis. 6yc and Kettle 
(1922), Gardner and Cummings (1933), and Fallon and Banting (1935) 
found that powdered quartz caused necrosis when injected sub- 
cutaneously. Accordingly the fibrosis which characterises silicosis 
came to be regarded as the cicatricial aftermoth of this necrotising 
process. 

Asbestosis also is characterised by fibrosis of the lungs, and the in- 
ference drawn from the parallel rvith silica — asbestos being a compound 
sih'cate of magnesium — is that powdered asbestos, like silieo, induces 
necrosis as an initial effect ; but whether it can be considered to owe 
its pathogenicity to its silica content is not certain (cf. King, Clegg 
and Rae, 1946). 

Tissue culture provides a method of approach for the study of 
pneumokoniosis in vitro. Several authors (Lauche, 1931 ; Franks 
and Watt, 1934 ; Kasten, 1938-39) used coal and quartz dusts, but 
no work appears to have been done with asbestos in tissue culture 
experiments. 

Methods 

From some preliminaiy experimeuts it appeared that the action of asbestos 
could heat bo ascertained by comparing its eifeot with that of coal and quartz. 
The latter, being more readily phageej-tosed than 'asbestos and more easily 
distmguished in tissue cultures, wore good indicators of the effect produced and 
aen'ed as a kind of control. 


Technique of the tiesue culture experiments 
General technique 

Culture media. Fowl plasma and extract of chick embryos of 11-12 days’ 
gestation. ^ 
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Tksxics implanted. Lung or lieart of 11-12 dny-chick embn-os. Lnnc o- 
hcart of *.-5 irecks old rat ombrj-os. Human fatal lung from caws of C.-i'-'-iri/sn 
section. Leucocytes from fowl, rat or human blood prepared by Carrel’s methwi 
Jncuhation period, (o) At 39'“ C. and fiubcultured -18-72 liourlv. (6) TnUial 
incubation at 39° C- for 3S-72 liours, and then kept at room iomperaturo for 
2-4 ivoeks (longer for prolonged observation). Tissue cultures can bo kept alis-e 
in .this way over a long period of time. Wo have seen Brouminn movem-'nt 
as long as 14 de}s, and “ pulsation duo probably to contracting vcs=^l>~iw 
long as 17 days in culture. 


Dusting tochnigue 

Busts used. (1) Canadian asbestos 2-5 p and 5 p ; (2) quartz ; (3) steam coal 
“ S4 ’’ ; (4) onthracito “ A1 ” (ref. no. 94. U.S, 10). It is voiy’ difficult (o cut 
asbestos and oven dust of the smaller size contains a number of long fibre?. 
The asbestos and control dusts were applied in dry' powdered form or in sterile 
fliu'd suspension. 

Alternative methods of dusting. (1) A cloud of dust produced in a specially 
devised apparatus was allowed to settle on the implant (Lauebo’s metltodi, 
(2) The dust was applied on a coverslip by drying a drop of the dust stispcmion 
(Frank’s method). (3) Injection of the suspension directly into ombiyonic lun^ 
tissue. (4) Intratracheal injection of dust suspensions into tbo emhryo 
subsequent divdsion of the injected lung into sovoral fragments which were 
then implanted. 

In order to ensure, as fat as possible, imifonnity of reaction, a Iragincat of 
embr5’'otuo tissue was divided into four approximately equal parts and encli 
part then dealt with separately ; one segment acted as undusted control, tire 
others were dusted. 

Methods 1 and 2 appeared to bo especially suitable for the study of pbftjo- 
cytosis but suffered the disadvantage that the applied dust lay in a different 
layer- In order to secure a more intimate contact between tbo colls and the 
dust, the injection technique was developed. In method 3, throe of the four 
parts of the tissue fragment wore each treated with 1 ml. of saline containing 
10 mg. of dust ; namely part 1 with asbestos, part 3 with quartz, and pnit -t 
with anthracite or steam coal, while part 2 (control) received no dust. 

The same suspensions were injected intratracheally in 3-week rat embryos. 
The trachea was laid open under strictly aseptic conditions, and 1-2 ml. of tte 
dust suspension injected into the trachea and lungs. The dust appeared widely 
distributed in the alveoli and in the tissue. Soon wandering colls appeared 
attacking the particles. This method proved particularly suitable for 
observation of tbo effect of asbestos on tho motility of phagocytes. In 2^ 
experiments about 600 slide cultures and 50 flask cultures were examined. 


Results 

The follotvmg summary of observations may profitably be co*'’ 
siclered tmder several headings. 

1. Beginning of ’phagocytosis 

Sfcam coa(. Phagocytosis was usually early. In many cuUurc.- 
it was alreadj'^ well marked after only 16-18 liours’ incubation. 

Anihracile. Phagocytosis, sometimes early, was generally d^mjc- 
compared with steam coal. There was marked phagocytosis ate 
about 48 hours’ incubation. 
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Quartz. In most of the experiments quartz was readily engulfed 
by wandering cells, although this was sometimes delayed in comparison 
with steam coal. After 48 hours’ incubation phagocytosis reached a 
liigh rate, almost equal to that of steam coal. 

Asbestos. The wandering phagocytes were indifferent at first. 
Indeed, at no time did they show avidity for the particles and much 
asbestos remained untouched though within easy range of the 
wandering cells. After 48-72 hours there was fairly active phagocytosis 
of individual fibres of 2-5 p length, hut little attempt was made to 
cope with clusters or long fibres. None of the cells became heavily 
loaded with asbestos. 

2. Bate of phagocytosis 

The coal and quartz were easily engulfed and phagocytosis reached 
a high rate after 48 hours. We could not see any appreciable difference 
between quartz and coal at this stage. Asbestos, on the other hand, 
showed a very low rate of phagocytosis, and indeed in some experiments 
it was difficult to find cells containing asbestos fibres, though the 
controls showed crowds of phagocytes containing coal or quartz 
particles. 

3. Size of particles 

Even large clumps of coal and large crystals of quartz were readily 
engulfed, but only short asbestos fibres of 2-5 p were seen to be taken 
up to any considerable extent. In one experiment only have we seen 
starlike clusters of asbestos fibres in the cells. In some cultures, 
especially of chick leucocytes and human embryo lung, a few long 
fibres became engulfed by large phagocytes ; but we have quite 
commonly observed several large coal particles or quartz crystals in 
numerous phagocytes, no matter of what provenance. No appreciable 
change in the shape of the engulfed partieles could be seen. 


4. Effect on the growth of the tissue 

When more heavily dusted, cultures did show restriction and 
sometimes suppression of growth, but this seemed to be a mechanical 
rather than a chemical effect. The fibroblasts showed a strildng 
mdifference to dusting with coal, quartz or asbestos. Neither the rate 
nor the extent of growth was appreciably different from that of the 
control cultures. Individual particles as well as clusters were either 
y-passed or enveloped, all without noticeable detriment to the cells 
I gs. 1-4), The development of lung alveoli likewdse showed no 
impairment. 

5. Effect on phagocytes 

^ o vacuolation was seen. Asbestos-laden cells remained apparently 
unc anged over a long period of observation. Cells containing fat as 

J. PAnr. Pact.— TOP. iiz t. 
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well as asbestos fibres were often observed (fig. 4). In comparison 
with coal phagocytes the fatty change appeared to be less advanced 
in asbestos-laden cells. Coal-laden cells soon showed marked fatty 
change and often broke down, releasing the engulfed coal. Since 
asbestos as well as quartz phagocytes appeared to remain intact for a 
longer period, this would seem to confirm the observation of lYanks 
and Watt that silica might have a slowing-down effect on the 
metabolism of the cell. No necrosis was seen. 

Besides the delayed beginning and slow rate of phagocytosis and 
the apparently slower fatty change in asbestos cultures, asbestos-laden 
cells showed decreased motility. 


6. Effect on the motility of wandering cells 

This could best be observed in the cultures in which the dust was 
applied through injection of a dust suspension, especially by intra- 
tracheal injection. As mentioned above, a very good dusting effect 
could be achieved with this technique, and intimate contact between 
dust and cell assured. As all the dust was originally situated within 
the implant, any dust appearing outside the tissue must have been 
carried outwards by the wandering cells. 

Dust-laden cells could first be seen in the alveoli and in the tissue. 
C!oal-laden cells, especially those conta inin g steam coal, soon appeared 
outside the tissue and reached a considerable distance from the tissue 
implant. Cells containing quartz or asbestos remained stationary in 
the tissue. If they sometimes did migrate outwards they never 
reached the same distance. 


DisctrssiON 

Tissue-culture experiments necessarily extend over a very brief 
period. It must be admitted that they bear little relation to what 
happens in naturally-occmring pulmonary asbestosis. The apparent 
lack of any toxic effect on living cells in tissue cultures conveys an 
impression of innocuousness which is contrary to the weU-kno^ 
dangerous nature of asbestos dust when mhaled in large amounts y 
man over a long period of time. Changes in the asbestos fibre in t e 
lungs take place very slowly and the first apparent change is ^ ® 
commencing formation of the asbestos body. A core of the ongina 
asbestos fibre remains in the asbestos body even after many 
It was not to be expected, therefore, that there would be any o 
alteration in the fibres of asbestos during the few weeks of the tissu 
culture experiments. Beger (1934 o and 6) showed the ^ es so 
be formed of coagulated protein on the stuface of the as es s . 

silica content of the asbestos having become dispersed mto s pro 
sheath. Such a release of silica from the asbestos fibre 
eventually to a reduction of its size and probably to som 
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on Burrounding tissues or an engulfing cell. Such effects have not 
been observed in the present work, and it must be coneluded that 
tissue culture experiments have not led us to a better understanding 
of the mechanisms involved in the production of asbestosis in the 
human lung. • 

SnjtMAHY 

1. Phagocytosis, even of small particles of asbestos, took place 
slowly in tissue cultures and a considerable portion of the asbestos 
dust, approximately 60 per cent., remained untouched, though witWn 
range of phagocytes throughout the experiments. Compared with 
coal or quartz, asbestos was less readily phagocytosed, particle size 
being equal. 

2. Asbestos particles in small amount had little or no toxic effect on 
living cells in tissue cultures. The growth of fibroblasts was neither 
retarded nor accelerated and no necrosis of cells was observed as 
a result of contact with asbestos particles, while fatty change 
appeared to occur more slowly in asbestos phagocytes than in 
coal phago 03 de 3 . 

3. Asbestos particles underwent no visible change, and in particular 
no visible diminution in size, after having been ingested by phagocytes 
for as long as 6 weeks. 

4. The motility of wandering phagocytes was decreased after the 
ingestion of asbestos particles. This effect, not necessarily of a toxic 
character, may be deleterious in the case of cells within the lungs, 
since it tends to restrict the migration of cells and so favour the 
retention of particles within the lungs. 

6. Particles under 6 p in length restricted cellular motility more 
than larger particles, for the reason that they were more readily 
phagocytosed. It would seem that wandering phagocytes are rarely 
able to ingest particles larger than 10 p. Giant cells sometimes 
formed in tissue cultures, apparently by fusion of two or more ordinary 
phagocytes, and were then able to engulf larger particles or clusters 
of particles. 

6. There was no evidence of the formation of asbestos bodies in 
these experiments, nor have we noted the appearance of brown 
granular pigment lilce that seen in the lungs of experimental 
auitnaJs. 

One of ua (1. F.) has worked, during the course of this study, xmder the 
tmure of the 'Euroer Research Fellowship in the Pathological Department of 
the British Postgraduate Medical School. The costs of tho investigation were 
defrayed from a research grant from Messrs Turner Brothers Asbestos Co. Ltd 
to whom grateful acknowledgment is made. ’’ 

tho tlfc'lilhwar'' '“"“b ™l““ble help in carrying out 
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576 . 851 . 4^ : 6i6 . 9—092—9 (S. pertussis) 


THE BOrUNOLOGICAL ASPECTS OE EXPERIMENTAL 
HEMOPHILUS PERTUSSIS INEECTION 


H. Pkoom 

Wellcome Physiological Research, Laboratories, Beckenham, Kent 

The problem of immunity to Hcetnophiltis pertussis infection is obscure 
and in spite of considerable published work there is little concrete 
evidence and much difference of opinion on the following essential 
points; (a) whether the apparent immunity in man, either that 
produced by an attack or that usually present in adiffts with no 
history of an attack, is a specific immunity j (6) whether this immunity, 
if any, is antibacterial, antitoxic, or a combination of both j and 
(c) what are satisfactory laboratory tests for the antigenicity of 
H. pertussis vaccines and the antibacterial or antitoxic values of 
immune sera. The purpose of this investigation was to evaluate the 
merits of the various laboratory methods used, to determine the 
nature of H. pertussis infection in mice, and to see what conclusions 
might bo dra\vn about the probable elBcaoy of active and passive 
immunisation in whooping cough. 

Literatube 

The clinical value of active immunisation with vaccine has recently 
been reviewed for the American Ojuncil of Pharmacy and Chemistry 
by Pelton and Willard (1944), who concluded that a significant 
protection was conferred as measured by a reduction in the attack 
rate and severity of the disease. This finding is by no means universally 
accepted and recent trials such ns those by McFarlnn, Topley and 
Fisher (1945) have showm little difference between vaccinated and 
control groups. Prophylactic and therapeutic serum treatment has 
also been reviewed by Felton (1945), who concluded that serum, 
particularly human hyperimmune serum, was effective in prophylaxis 
and treatment. Sera do not appear to have been used extensively 
in tliis country. 

In the laboratory the mouse-survival test involving the intra- 
peritoneal injection of living organisms has been extensively used for 
the demonstration and comparison of the antigenic activity of 
pertussis vaccines and the protective value of immune sera. 
Cruickshank and Freeman (1937), Silverthome (1939), Eldering (1942) 
and others have used this technique for vacemes, but an examination 
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of the protocols, wherever reasonable groups of mice have been 
injected, shows that the order of protection is only about 50 per cent, 
sra-nval against an infecting dose which just kills all or the majoritv 
of the control groups. ^ ^ 

The antibacterial value of immune serum has also been determmed 
by this method, and Holm and Bunney (1942, p. 35) have described 
a provisional unit as that amount of serum which will protect 
50 per cent.^ of mice from death when a dose of 2 M.L.D. of culture 
is^ injected intraperitoneally. Groups of 3 mice and two or three 
dilutions of serum are used for the test, and no evidence is produced 
that serum will protect against a larger infecting dose. 

The intranasal infection of mice following intraperitoneal or sub- 
cutaneous injection of vaccines has also been used to demonstrate 
active immunity (North, Anderson and Graydon, 1941). Although 
some protection has been demonstrated, it is of a low order and the 
results are further compHeated by the difSculty of giving a uniform 
infecting dose. Antibacterial serum has been shown to protect against 
a small infecting dose, and serum containing antitoxin and no anti- 
bacterial antibody is also capable of protection rmder certain conditions 
(Evans, 1944). Dow (1940) has demonstrated that active immunisation 
by the intranasal route is more effective than by the intraperitoneal 
route against intranasal infection. However, North and Anderson 
(1942) have shown that the increased effectiveness is non-specific and 
associated with histological changes in the lung. Prophylactic 
immunisation of human subjects against whooping cough by the 
intranasal route is probably impractical but these results suggest an 
interesting speculation on the possible insusceptibility of adults to 
the disease. 

Methods 

Preparation of H. pertussis suspenaions 

Phase I H. pertussis strains were maintained as dried cultures and recovered 
as required. The criteria used for phase I were : (a) virulence such that 1000- 
2000 million organisms killed at least five of a group of ten 20-g. mice injected 
intraperitoneally ; (6) specific agglutination to titre with phase I senun ; and 
(c) inability to grow on nutrient agar. Cultivation was on Bordet-Gengou 
medium containing 33 per cent, horse blood for 48 hours m Boux bottles, the 
growdih being scraped off and suspended in 0'9 per cent, saline. The suspension 
was killed by heat or preservative and diluted to the required opacity. 


Preparation of antibacterial serum 

Babbits were injected intravenously at 3- or 4-day intervals with 4 doses of 
0-4, 0-8, 1-0, and 1-0 ml. per kilo, body weight of a suspension in 0-5 per cen - 
phenol-saline containing 10,000 million organisms Pf They J 

7 days after the last injection and the sera preserved with 0-26 per cent, phen . 
This procedure always gave sera of high agglutination titres. 

Preparation of toxin 

Toxin was prepared from frozen and thawed, dried and ground hacUH by 
fte ^SoI deSibed by Ev.^ M.i.tad (US7). T,« Bn.l prbdbrt 
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su 3 oended in O'O per cent, snlino, S rag./ml., and contrifug^ ; 0-1 ml. of 
was Jhal for a 20 g. mouso 

M.R.D. on intracutaneous injection in a rabbit was of the order of 0 OOG ml. 


Preparation oj antitoxic scrum in raWits 

PeHussis endotoxin is o poor antigen and a largo number of Buboutanoous 
inieotions were required to produce doteotablo quantities of antitoxm in rabbits. 
Fourteen injections were given suboutaneously, begmnmg with I'O of “ f • ® 
dUution and increasing to 1-0 ml. of undiluted toxm. Soine rabbits developed 
ulcere, but all remained in good hoaltli. The eorum neutralised toxm necordmg 
to the law of multiple proportions, and the potency was such that O’QO rm. 
of serum protected against 2 Sl.L.D. of toxin injected intrapontoneaUy mto 
mice, and O'OOS ml. against 10 M.RJl. on intracutaneous injection mto 
rabbits. The agglutbiation titro against phase I organisms was low, usually 
about 1 1 40. When required, the agglutinins were absorbed by adding an equal 
volume of a suspension of 20.000 million killed organisms per ml., hooting for 
2 hours at 65° C. in a water-bath, and leaving overnight in the cold room, tho 
organisms being finally removed by centrifuging. Tho resulting serum contained 
no ogglutinms but retoiftcd its antitoxic properties. 


Intranasal infection of mice 

Mice "were infected mtranasally by tho method of Bumot and Timmins 
(1937). They were lightly onicsthetised with a mixture of ono part clJoroform 
and two parts ether, and 0*05 ml. doses were given intranasahy witli a 1-tnl. 
pipette graduated to 0*01 ml. For this purpose it was found convenient to 
have a l*ml. syringe attached to the pipette, both being lield in position with 
a retort stand and clamps. 


Determination of the number of viable organisms in 
the blood of infected mice 

(1) By bleeding from the tail. Tho tail was washed with spirit, excess being 
removed with sterile cotton wool, passed rapidly through a bunsen flame and 
immediately rubbed with sterile cotton wool. Tho extrorae tip of the toil was 
snipped off with sterUo scissors and a drop of blood, whicli usually appeared 
immediately or after a little massage, was removed with a small atorilo loop. 
The blood was plated on Bordet-Gengou medium containing I unit per ml. of 
penicillin to inhibit growth of Gram-positive contaminants. The plates wore 
incubated for six days and the number of colonies coxmted. 

(2) By bleeding from the axillary blood vessels. A rapid and convenient 
method has been found of obtaining a measured volume of blood from mice. 
The aiumals were killed by coal gas and pinned on a post-mortem board, and 
the hair was moistened with hot water. An incision was made with sterile 
scissors along the median line of the thorax ; the left flap of skin was held back 
with forceps and with another pair of sterile scissors tho subcutaneous layer of 
tissue was dissected and the main axillarj' vessels cut. The blood which 
collected m the axiUary space was removed with a sterile calibrated capillary 
pipette; up to 1 mb amounts of sterile blood may regularly bo obtained in 
this way. The method is very suitable for the routine passage of etrarna in 
jmee and is much quicker than the usual routine of obtaining blood from the 
heart In the present investigation nsunWy 0*01 ml. of blood was plated on 
liordet-Gengou medium. 
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Determination of the number of viable organisms in the lungs of 

infected mice 

Mice infected intranasally with H. pertussis were killed by coal gas, and the 
whole of one lung was removed from each animal with aseptic precautions and 
placed m a one-ounce screw-capped bottle one-third filled with glass beads and 
contammg 10 ml. of broth. The bottles were shaken for a few minutes and 
mealed volumes, usually 0-01 ml., of broth were plated on Bordet-Gengou 
medium containing 1 unit per ml. of penicillin. The plates were incubated 
for SIX days and the number of colonies counted. 


Agglutination test 

0-5 ml. of serum dilution and 0-5 ml. of antigen were incubated in a water- 
bath at 65 C. for 2 hours, one-third of the fiuid of the tubes being immersed. 


Experesientai, 


The nature of the intraperitoneal infection of mice 


The intraperitoneal method has been used extensively in some 
laboratories as a means of measuring antibacterial immunity, both 
active and passive, and the potency of &n^-pertussis sera has been 
expressed in terms of provisional antibacterial units. But since 
the test has not been satisfactory in my hands, an attempt has been 
made to find out what, in fact, it measures. 

In the first place there is a considerable range of survival after 
intraperitoneal injection of increasing numbers of living virulent 
phase I organisms into groups of mice. It is not possible to calculate 
the LD 50 with any sort of accuracy unless very large numbers of 
mice are used (this is clearly indicated in the survival rate of the 
control mice shown in the protocols). The use of mucin, always to 
be deprecated unless unavoidable, reduces the LD 50 only about 
2 to 3 times. 

Second, in view of the large numbers of organisms required to kill 
mice, it seemed likely that death was the result of toxmmia and not 
septicaemia. By counting the number of bacteria in the blood of mice 
after intraperitoneal infection, it was found that H. pertussis appeared 
in the blood stream a few minutes after injection and that the numbers 
quickly diminished (table I). There was no evidence of multiplication 
at any stage. 


Passive immunity 

The effect of antitoxic and antibacterial serum was investigated 
and it was found that whereas antibacterial sera gave only shgfi 
protection, at the most against one or two times the LD 50 dose, 
antitoxic sera gave good protection against large doses ° 

The results of the passive protection tests are shown m ta e • 

It seems clear from these results that mice injected intrapen ° , 

with H. pertussis die of toxaemia which can be specifica y neu 



PERTUSSIS IMMUNITY 


169 


by antitoxin. Since antibacterial serum has little effect, this method 
of infection is of little value as a measure of antibacterial immunity! 

Table I 

H. pertussis in the blood of mice infected inlraperitoneally 


Vo of organisms in* 

ject«d Intraperltoneally 


No of colonies ftom one standard Joopfal of circulating blood after 



*hr. 

6 hr. 

24 hr. 

BiRm 

4000 million 

1297 

202 

131 


1000 „ 

315 

125 

28 

HHHHHMKH 

250 „ 

lie 

76 

6 


62 „ 

136 

2 



16 6 „ 

22 

1 




No of colonics from moose infected with 1500 million organisms after • 


5 mm. 







6 hr. 

143 







30 


Table H 


Paesive protection of mice a^atnei intraperitoncal infection 


Serum (0 $ mi ) given Intraperltooealiy 24 hr. 

Vo of living organlims Injected IntraperltoocaUr 
(mlJlloDs) 

before living culture 

13.500 



500 

106 

Antitoxic serum — rabbit (agglutinin 

10 

10 

10 

10 

10 

litre 1 : 40 : 1 ml. neutrobsos 612 
M.R.D. toxm : rabbit intra* 
cutaneous test) 

Antilmctenal setiua — rahhit (agg/u- 

0 

4 

7 

IQ 

Id 

tmin litre 1 ; 2508 ; 1 ml neutralises 
<1 M.R.U. toxm : rabbit mtra* 
cutaneous teat) 

Controls (no serum) .... 

0 

0 

5 

8 

10 


The figures show numbers of niico sunuving out of groups of 10. 


Active immunity 

In a large number of tests it was found impossible to compare the 
antigenic values of vaccines by the intraporitoneal survival method. 
The degree of protection was slight and the results were irregular and 
not reproducible ; but by counting the number of organisms appearing 
in the blood at various times after infection, it is possible to demonstrate 
the presence of some antibacterial bodies and to demonstrate major 
qualitative differences between vaccines. 

Table III shows the effect of active immunisation with various 
doses of phenolised vaccine on the number of organisms appearing in 
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ae blood. _ Vaccination prevents the majority of the organisms 
appearmg in the blood, and those which appear are killed more 
apidly in vaccinated than in non-vaccinated control mice. 


Tabi^: m 


Active immunity in mice against intraperitoneal injection 


Vaccine, 100 million 
phenol-killed oigatviams 
Injected Intraperitoneally 
at weekly intervals ; 
living culture 7 days later 


Symbols represent degrees of transient bacterisemia of individual mice at Intervals 
after intraperitoneal Injection of 1000 million organisms 


Vaccinated groups 


Control groups 


1 dose vaccine 


2 doses vaccine 


4 doses vaccine 


6 doses vaccine 


+ + -f -h 
+ ± 
D + 


0 0 0 
0 0 0 
0 0 0 


^ ^ ^ ^ 

+ 

' i 


D 

-b-b -b-b -b-b -b -b 



i 

4 - 

0 ' 

D D 

D D D 

+ 

± 



i 

+ + + + *f*f + + + 4* + + 4*+ ++++++ 

++ -f+ -b-f -b-b -b 

•b 

-b 


± 


i ± 

S 8 C 

3 

3 

3 

2 

1 

-b-b -b-b -b-b -b-b -b-f -f-b 

+ 


■b 


+ + + + 

■b -b -b 

± 

± 




D B 

-b db 4 

4 

3 

2 

0 

0 

-b-b-b-b-b-b-b-b-b-b-b-b-b-bf-b-bf 

0 

+ + + 

+ + + 


2 

2 

0 

0 

J> V 

■f *f + 

6 

6 

0 

0 

D 


-f-b = >100 colonies from standard loopful of tail blood 
-b ^ 100-50 ,, ,, „ ,, ,, ,, ,, 

i *=* 50-25 „ ,, ft ft ft ,, ,, 

Numerals •=■ colony counts (under 25) 

D «= mouse dead 


With 6 doses of 100 tniUion phenolised organisms given at 4-day 
intervals and the mice tested 7 days later probably very few organisms 
ever appear in the blood. The absence of S. pertussis from the 
circulation appears to have little effect on the survival rate. With 
groups of ten inice immunised with 6 doses of 100 milhon killed 
organisms as in the previous experiment, the number of mice surviving 
intraperitoneal injection of 13-5, 4-5, 1*6 and 0*5 thousand million 
living organisms was 0, 8, 6, and 10 for the immunised, and 0, 3, 5 
and 10 for the control groups respectively. 

Considerable emphasis has been laid by some workers on t e 
effect of preservatives, heat, and so forth on the efficacy of phase I 
H. pertussis vaccines. Using the tad-count method, the res s 
indicate that there is no major difference in antigenicity he^een 
heat -treated, formolised, phenolised, merthiolated or alum-prmpi a 
phase I vaccines, but phase IV vaccines are not effective. a e 
indicates the type of results obtained. -hp. 

There is sUght evidence that repeated washing with salme 
the antigenic properties of vaccines, the tail counts wi ^ 

vaccine being persistently lower than with vaccme w^ had 

lith saline. There was no suggestion that even six vashes bad 
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removed the greater part of the antigenicity os measured by this 
test. 

Tabus IV 

Protection givcti 6y various types of H. pertussis vaccine 
against intraperitoneal injection 

(Mice received 1 injection eubcutanoously of 1000 million organisms ; 
living culture two wooks later) 


Ko. of orsunbms In lofcctlos 
dose (mUUoos) 




Heat'killed phase I . 

Phenol-killed phase 1 ... 

Phenol.killed alum*precipitated phase I 
PhenoJ.kiHed phase IV . . . 

Controls (no vaccine) . 


The figures in the middle Becthn show the numbers of m/co sund\'ing out of groups 
of 10. 

* Blood taken one hotxr after Intraperitoneal Injection of 1000 n^on living organisms. 

Iniranasal infection of mice 

The picture is entirely different if mice are infected intranasally 
with virulent E. perlxiesis. The organisms multiply in the lungs and 
remain viable there for a considerable period. Table V, which gives 

TAntE V 

Survival of H. pertussis in the lunge of mice infected bg 
the intranaeal route 


^ce killed after 


lafcctlng dose of 0-05 ml. of 


200 million . I 

orgaobms/ml. ^ mllUon organUtas/ml. ' 


The numerals show the average number of colonies on plates for groups of 5 mice. 

the results of one e.xperiment, shows that the organisms multiply in 
the lungs, reach a maximum in 7-14 days and slowly die out- thev 

may be recovered up to 56 days after infection. ^ ^ 
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Table VI shows the protection against intranasal infection -nitb 
rabbit antibacterial serum and rabbit absorbed antitoxic serum, 
0-5 ml. of serum having been given intraperitoneally 24 hours before 
infection by the intranasal route with 0-05 ml. of a broth suspension 
of living organisms. 

Tabue VI 

Passive protection of mice against intranasal infection 


Serum (0-5 c.c.) given intra- 
peritonealiy 24 hours before living 
culture 

+Infecting dose (Intranasal) of 0-05 ml, of 

1000 miUfon/ml. 

200 million/ml. 

40 milUoQ/ml. 

l’6mUlIoii/ml. 

Babbit (antibacterial) 

5(1) 

5(2) 

5(1) 


Babbit (absorbed antitoxic) 

4(4) 

3(3) 

4(1) 


Controls (no serum) . 

3(3) 

3(3) 

3(3) 



Figures show the numbers of mice surviving 14 days oufc of groups of 5. 

In. brackets : no. of survivors with S. pertussis isolated from lung when killed 
on 14th day. 


These results indicate that antibacterial immunity plays some 
part in. the protection of mice against intranasal infection ; this is 
in agreeuaent with published work. While antitoxin also may have 
some effect in preventing the multiplication of organisms in the lung, 
antibacterial immunity appears to be rather more important than 
antitoxic immunity where the intranasal infection of mice is concerned. 


Active immunisation of mice against intranasal infection 

Groups of mice injected subcutaneously with 0-5 ml. of a suspension 
of 2000 million phenol-Mlled phase I organisms per ml. were infected 

TabiiB IVT 

Active immunisation of mice against inlranasal infection 

(WOO million phenol-killed organisms injected subcutaneously ; 

living culture intranasally seven days later) 


Infecting dose 0*05 nil. intranasally 
of a suspension containing 

jlice surviving out 
of groups of 20 mice 

Immunised 

Control 

20,000 million organisms/jnl. . 

1 

0 

2000 ft )» ft ■ 

6 

0 

200 ft » fi 

9 

1 

20 )» ft f> 

10 

s 


Ko. or otgatUatns in lungs of 
Infected mice niter 


1 day- 


immunised 


*800 

200 

50 


Control 


7 days 


Immunised 


Control i 


5000 

400 

300 


oc 

500 

1000 


• Average number of colonies, 
colonies. 


Jes, estimated from plate cotmte, from groups of 10 mice, w ^ 


cc 
cc 

4000 

: >2^0, m 
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intranasally with different amounts of living culture seven days later, 
and survival rates determined. 

The number of organisms in the lungs of actively immunised mice 
was also determined ; the results arc shown in table VII. 

These results indicate a degree of protection which is not, however, 
sufficient for survival after a large infecting dose. 

There is also a considerable reduction in the number of orgam'sms 
in the vaccinated mice, particularly with a small infecting dose. 
Quantitative results and comparisons of vaccines are difficult by this 
method since it is impossible to get a uniform infecting dose. 

HoESE IMMU17E SEET7M (aIJTIBACTERIAL AND ANTITOXIC) 

Prom the results reported above it would seem that passive 
immunisation with serum and active immunisation with vaccine 
can slightly modify experimental infection in mice. The protection 
is of a low order, and by comparison with the laboratory evidence 
for such vaccines as Bacterium typhosuin and Pasteurella pestis, 
which have proved effective in practice, the results are not very 
encouraging. Since active immunisation in man has not given 
clear-cut results, it was thought that additional evidence could be 
obtained by passive immunisation with a hyperimmune serum, for 
this would give some idea of the importance of specific immunity in 
whooping cough. Consequently attempts were made to prepare in 
horses a serum of high antibacterial and antitoxic content. 

Immunisation of horses 

The antigen used for horses vras pertussis toxin prepared by the method of 
Evans and IVlaitland, except that a suspension of bacteria) bodies and toxin 
was used ; the excess of bacterial bodies was not removed by centrifugation. 
Three horses were given a three montlis* course of three injections a week ; 
the first few injections were forrnolised toxin, and the remainder toxin. The 
dose of antigen was gradually increased from J to 35 ml. After tlu*oe montlis 
three S-litre bleedings were taken from each liorse. The horses were rested 
and then had a rapid course of alum-precipitated toxin consisting of five doses 
of 25, 50, 60, 76 and 76 ml. of antigen in two weeks. One week later a further 
series of three 8-litre bleedings was taken from each horse. 

Concentration of horse antiserum. Since imconcentrated horse serum is 
unsatisfactory for human use because of severe serum reactions, the serum 
was concentrated by ammonium sulphate precipitation as described by Harms 
(1D46). Limited clinical trials have shown that the sulphate-concentrated serum 
does not show any high degree of serum reactions. The protein content of the 
unconcentrated serum was about 7*0 per cent, and of the concentrated serum 
16 per cent., with an increased acthaty of about 8 times as judged by agglutina- 
tion and protection antibodies. There Tv-ns a fourfold increase in purity. 

PeOPEETIES of HOESE ANTISERUSI (HNCONCENTRATED) 

The properties of the horse antiserum were studied experimentally 
\vjth unconcentrated serum in mice. There was little difference 
between the sera of the three homes used. 
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Agglutinin litre 

The titre against phase I organisms was about 1 : 16,000. The 
swa^showed^a strong pre-zoning effect and there was no agglutination 

Antitoxin content (intracutaneous test in rabbits) 

^ The antitoxin content of the horse serum was determined by the 
skin reaction in rabbits, and it was found that 1 ml. of serum neutralised 
approximately 10,000 M.R.D. of to;^. As previously shown in this 
paper, protection against living culture given intraperitoneally is due 
mainly if not entirely to this anti-endotoxin. 


Effect on the number of organisms in the blood of mice of the 
intraperitoneal injection of living culture 

0’25 ml. of serum diluted 1 ; 10 in saline was injected intraperitoneally 
into a group of mice 24 hours before the intraperitoneal injection of 
1000 mi l hon living organisms. The number of organisms present 
two hours later in a small loopful of blood was compared with the 
figure for a control group of mice receiving no serum. In a group 
of 10 treated mice the average number of organisms was 4 compared 
with 300 in the control group. 

Protection of mice against living culture injected intraperitoneally 

0-6 ml. of serum dilution was injected intraperitoneally 24 hours 
before the intraperitoneal injection of living cultme. The potency of 
this serum was such that O-OS ml. of serum diluted 1 : 100 protected 
about 50 per cent, of mice against a test dose of approximately 10 
M.L.D. This protection was due entirely to the antitoxic content 
of the serum since a potent rabbit antibacterial serum showed no 
protection against this test dose. 


Effect on the number of organisms in the lungs of mice after 
intranasal infection with living culture 

Mice were injected intraperitoneally with 0‘25 ml. of serum 24 
hours before intranasal infection with 0-05 ml. of a suspension o 
living H. pertussis containing 200 milhon organisms per ml. n ro 
and treated mice were killed one week later and the num er o 
organisms in the lungs was determined. A comparoon was nia e 
between rabbit antibacterial sera, phase I and phase IV, pooled admt 
human serum, and the horse immune serum containing antibacte 

and antitoxic antibodies (table VIII). of 

It cm be seen that ajl these sera reduce the average « 

organisms in the lungs of mice but that the horse serum is J 
most effective. 



Numbers^ estimated number ot colonies from plate ceunte 
oc sss >250 thousand 

groups of 10 mice wore given 0-25 ml. of horse serum intraperitoneally. 
Seven days after 8erum_ the treated mice and ten surviving control 
mice were killed and the number of orgonisras in the lungs determined. 
At the end of 14 days there were not sufficient mice to continue the 
tests, since a number of mice had died of H. peHussh infection. The 
protective value of the serum was shown by the fact that no serum- 
treated mice died. It is evident from table IX that the hor&e serum 
is effective in removing organisms from the lung after infection has 
been well established. 

■ DisonsstoN 

The difference in the survival rate between immunised and control 
mice after intraperitoneal injection of liwng cultures of H. perlussis 
has been extensively used for the demonstration of antibacterial 
immunity. The experiments reported in this paper have clearly 
shown that death following intraperitoneal injection of culture is due 
to a tosiemia which may be neutralised by specifio antitoxin and that 
there is no evidence of multiplication of organisms in the mouse 
Attempts have been made to increase the virulence of the organisms 
by injections of mucin (hlishulow et al, 193D) and of starch (Powell 
and Jamieson. 1937) ; however, tlie average lethal dose has not been 
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appreciably altered by tHs teclmique, and the general conclusion as 
bemodS i^eetion need not 

Table IX 

Therapeutic effect of horse immune serum on mice infected 
by the intranasal route 

(Mice infected intranasally with 0-05 ml. suspension of living H. ncrlussis 
containmg 100 miUion organisms/ml. 0-25 ml. horse inununf serum 
injected mtraperitoneally at intervals. Seven days later, serum-treated 
mce and control mice kUled and the number of organisms in the luncs 
detemuned) ° 

— - _ — __ 

No. of colonies on plates from lungs 

Mouse no. 

1 2 3 4 5 0 risgio 


Horse immime serum injected 0 0 0 0 60 100 100 20 20 100 

24 hr. after culture I 

Control mice . . . . oc oc oc oc cc oc cc 60006000400(1 


Immune serum 7 days after culture OOOOOOOOOoj 
Control mice . . . . oc oc a 01800180030004000 600 C 

Immune senun 14 days after culture 0 0 0 0 0 0 0 0 100 200 

Control mice .... 4000 4000 4000 2000 2000 2000 2000 6000 100 100 


Numbers == estimated number of colonies from plate counts. 
C — grossly contaminated, 
oc = >260 thousand. 


The intraperitoneal suryival test cannot- therefore be used as a 
measure of antibacterial immunity. It is true that some protection 
can he demonstrated if very large groups of mice are used, but it is 
against only 1 or 2 minimal lethal doses and the results are very 
irregular. The immunity immediately breaks do'wn if the infecting 
dose is increased. It is difficult to explain even this small degree of 
protection ; possibly it is due to agglutination of organisms and 
localisation of toxic substances in parts of the body where their effect 
is not so lethal. The part played by toxin in human infection is 
obscure, and so far no antitoxin has been demonstrated in the sera 
of convalescents or immune persons ; in this respect the work o 
Strean (1940) does not seem to have been confirmed. It is not possib e 
to draw any conclusions from the intraperitoneal survival met o 
except possibly that any antibacterial immumty, active or passive, 
which can be demonstrated by this method is of an extreme y ow 


ord.6r j 

After intraperitoneal injection the organisms appear in the^ 

stream in a very short time and then progressively s 

number. Both active and passive immunisation 
disappearance of organisms, and in some cases it appears 
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never reach the blood stream in appreciable numbers. Perhaps some 
tentative general conclusions may be draivn from tliis technique but 
it is not suitable for quantitative comparisons. Table III shows that 
active immunisation, particularly with a number of immunising doses, 
significantly reduces the number of organisms appearing in the blood 
of mice. A number of vaccines are compared in table IV, and in 
this connection it may be recalled that various authors have 
claimed differences in the antigenicity of vaccines associated with 
minor differences in technique, such as the species of blood used in 
the mediiun, the type of preservative and so on. It would seem 
that, qualitatively, heated-ldlled, phenolised, and alum-precipitated 
vaccines have the same order of antigenicity, but that results with 
phase IV vaccines are not significantly different from those in the 
control group. 

An entirely different type of infection is obtained ivith intranasal 
administration imder light aniesthesia. The organisms multiply in 
the lungs and reach a maximum number in from 7 to 14 days ; there- 
after they steadily diminish but may be recovered from the lung up 
to 56 days after infection. Histological examination shows a pneumonic 
type of infection ; staining with Twort’s stain shows largo numbers 
of organisms not demonstrable in Gram-stained preparations. A 
good description of the liistological picture has been given recently 
by Hoyle and Orr (1945). 

Active immimisation of mice will reduce the death rate from 
intranasal infection and will accelerate the disappearance of organisms 
fi:om the lungs. It is not effective against many lethal doses, but is 
effective against a large number of minimal lung-infecting doses, that 
is, the smallest inocula which will allow organisms to be recovered 
from the lung after several days. The results of the method are 
irregular and do not allow accurate comparisons of antigenicity ; this 
is not surprising in view of the difficulty of obtaining a uniform 
infecting dose, since mice inhale and exhale the inoculum to varying 
degrees. It is difficult to apply the results to human infection with 
H. perltissis ; but it would seem that the protection would be of a 
low order, since the mice are not protected against a number of lethal 
doses. These experiments show that in the mouse it is possible by 
vaccination to increase very considerably the ability of the animal 
to eliminate rapidly a small infecting dose. On the other hand, the 
vaccinated animal is still incapable of dealing with a largo infeotin® 
dose. ° 


_ Tills may partly e,xplain the divergent clinical results obtained 
rnth vaccination in a closed community, as in the British trials 
(MoFarlan al, 1945) ; the subjects might well have been exposed 
to A large infecting dose. ^ 

Among the general population, under ordinary home conditions 

wm' and the vaccinated 

child might well escape an attack. 


J PATH. BAOT— VOIi. US. 
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a ^ effective in reducing the mortality a<.amst 

a lethal infecting dose given intranasally, and in quickly ehminatinrr 
the organisms ftom the lungs of mice given a sub-lethal dose. Anth 
toxin also has an appreciable effect, in these experiments rather 
more than m those of Evans. Here again the protection is against 
only a few lethal doses, but it is effective in rapidly eliminating 
organisms from_ the lungs when the infecting dose is many times the 
mn^al infecting dose. A hyperimmune horse serum containing 
both antibacterial and antitoxic substances gives quite good protec- 
tion and is effective not only prophylactically but also therapeutically, 
even when the lung infection has reached an advanced stage. 

Taken as a whole, these results do not seem very encouraging for 
the success of specific prophylaxis or serum treatment in whooping 
cough. There is not the clear-cut protection against a large number 
of infecting doses in mice which has been obtained ivith the few 
organisms against wliich specific prophylaxis is successful — Bad. 
typJiosum and P . pesiis, for example. It may be that specific immunity 
plays a part in whooping cough, since hyperimmune serum has such a 
pronounced effect in animals. With such a serum, passive immumsa- 
tion of groups of child contacts might afford tangible results, though 
the difficulties of such a trial are very great ; if it could be clearly 
shown that passive immunisation is sufficient to protect against 
whooping cough, this would stimulate further research on active 
immunisation. 

Hyperimmune sera may be of value in treatment but as originally 
observed by Bordet and Gengou (1909) the severe stage of whooping 
cough may continue long after H. pertrissis can be isolated. 

The part played by toxin in H. -pertussis infection is not very clear ; 
one factor which makes investigation difficult is the poor antigenicity 
of the toxin as shown by laboratory tests and by the absence of 
circulating antitoxin in the sera of convalescents. There is some 
suggestive evidence that toxin may play a part in infection. Thus, 
Evans has shown that mixtures of antitoxin and organisms injected 
intranasally are less infective than organisms alone, and suggests 
that the antitoxin may alter the invasiveness of the organism. 

In a few experiments with the tail-bleeding technique, antitoxic 
serum from which antibacterial substances had been absorbed ha 
much the same effect as antibacterial serum in preventing the 
organisms from appearing in the blood of mice infected intraperiton 
eally. This may suggest that H. pertussis invades by virtue ot is 
toxin. Further, the prophylactic injection of antitoxm alters tu 
character of the lesion in the rabbit and guinea-pig foUowing 
cutaneous injection of living cultures ; the reactive lesion dne to « 
toxin does not appear. Also, horse serum 
and antitoxic immune bodies seems more 

or antibacterial serum separately in modifymg the infection following 
intranasal injection of living culture. 
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SUMJIABV 

Slice infected intraperitoneally with H. pertussis die of a toxajmia 
which may he specifically neutralised by antitoxin. There is no 
evidence of multiplication of organisms in the blood at any stage. 
Consequently the intraperitoneal method cannot he used as a measure 
of antibacterial immunity. 

Active immunisation with vaccine will prevent H. pertussis from 
appearing in the blood of mice infected intraperitoneally, although 
it has httle effect on the survival rate. With this technique it is 
possible to demonstrate major qualitative differences between antigens. 
Heat-, phenol-, formalin- and merthiolate-kiUed, and alum-precipitated 
phase I vaccines had the same order of antigenicity, whereas phase IV 
vaccines were non-antigenio. 

With intranasal infection of mice the organisms multiply in the 
lungs and a toxic pneumonic type of infection occurs. Active and 
passive immunisation will protect against a number of minimal 
infecting doses and against a few lethal doses. Some protection was 
demonstrated with antitoxin, but antibacterial antibodies were more 
important. The best results were obtained with a hyperimmune 
horse serum containing both antibacterial and antitoxio antibodies. 
This serum was effective prophylactically and therapeutically even 
when infection was well advanced. 

The part played by toxin in H. pertussis infection is obscure but 
there is some evidence that the organisms invade the tissues by virtue 
of their toxin. 

The mouse experiments do not indicate that active immunisation 
against whooping cough is likely to be very effective. There is not 
the clear-cut protection against a large number of fatal doses which 
has been demonstrated in the laboratory animal for the few bacterial 
diseases against which active immunisation is effective. 

My thanks are due to Sir A. J. Honns for concentrating the horse immune 
sera, and to Dr C. L. Oakley for the histological exomination of the mouse lungs. 
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A CASE OF IDIOPATHIC METELEMOGLOBINiEMIA 
TREATED BY ASCORBIC ACID AKD jMETHY- 

■ lene blue 

E. J. King, J. C. White and M. Gilchrist 
Sritieh Postgraduate Medical School, London 

METffiBMoatOBiH.sinA may be produced in normal persons by the 
action of certain chemical poisons and bacteriological toxins, and 
many such cases have been described in the literature. Removal of 
the toxin results in a gradual return of the blood pigment to normal. 

Records also exist of a small number of cases of methaemo- 
globimemia occurring as an idiopathic condition, usually present 
from early years. From the instances in which n family history has 
been obtained, tliis would appear to bo inherited as a Mendelian 
recessive character. Bensley ef al. (1938), who described the condition 
in a French-Canadian brother and sister, found records of five previous 
oases in the literature. Lian et al. (1939) reported the abnormality 
in two brothers, and Deeny el al. (1943) described the first case to be 
studied in the British Isles. 

The condition is characterised by marked cyanosis of a slightly 
brownish tint, due to the presence of a considerable percentage of 
methsemoglobin in the total circulating blood pigment. This is 
accompanied by surprisingly little other abnormality, though mild 
dyspnoea on exertion may bo present. 

Both Lian and Deeny and their co-workers treated their oases 
with ascorbic acid. They found that oral or intravenous administra- 
tion relieved the cyanosis and converted the major portion of the 
methaemoglobin present into reduced Jramoglobin. 

Hartmann el al. (1938) and Cox and Wendel (1942) obtained good 
results by using methylene blue in the treatment of the methmmo- 
globinsmia caused by sulphanilnmide drugs. 

Tln-ough the kindness of Professor Henry Baroroft, we have had 
the opportunity of studying a case of idiopathic methiemoglobinmmia 
successfully treated with ascorbic acid and methylene blue. Our 
reported observations include a few in-vitro experiments upon the 
patient’s blood. 

CaBe report 

Tho subject (P. B.) was an orphan girl aged 25 years. No family history 
was obtainable. She stated that she had had a dark bluish complo.-don as long 
as she could remember. She was employed os o hospital domestic, ond wos 
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accustomed to fairly heavy work. She complained of no untoward symptoms 
and there was no dyspnoaa. When first seen on H.8.43 she had a dusky cyanotic 
hue of the face and hands, particularly marked in the lips, ears and fingernails. 
The cardiac apex beat was slightly heaving, 4 in. from the midline ; a sj-stolic 
murmur was present. The digestive system and the urine were normal. 

The blood was a dark chocolate colour and contained an intracorpuscular 
pigment which was identified spectroscopically as methromoglobin. No other 
abnormal pigment was present. The total hcemoglobin calculated from 
accurate iron analysis was 17-0 g. per 100 ml., i.e. 116 per cent, of the N.P.L. 
Haldane standard. The pigment capable of carrying oxygen, as measured by 
Van Slyke oxygen capacity, was 10-8 g. per 100 ml. The difference of G-2 g. 
per 100 ml. consisted of methsemoglohin, which thus formed 36 por cent, of the 
total blood pigment. The B.B.C. cormt was 5-3 million, and reticulocytea 
2*0 per cent. The mean corpuscular volume was 90 cu.g. The white cel! 
count was 10,000, the differential cornit normal. 

The plasma ascorbic acid concentration was 0-25 mg. per 100 ml — a loir 
level, which is nevertheless within the normal range under war-time dietary 
restrictions. 

ExPERIJ.IENXAIi 

Treatment with ascorbic acid 

The results of the oral administration of ascorbic acid are shown 
in fig. 1. On 300 mg. per day, the oxygen capacity of the blood rose 
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lessened after three days and disappeared completely within n week. 
As treatment was continued, the total Hb. decreased slowly to 15 g. 
per 100 ml. ; thus a residual amount of about 1 g. of met-Hb. per 
100 ml. (or about 7 per cent, of the total pigment) remained in the 
blood. (The hatched portion on the chart indicates met-Hb.) At the 
same time the red-cell count fell rather irregularly to 6 million and 
the reticulocytes came down to about 0-5 per cent. These factors 
reached relatively constant values in three weelts’ time, and after 
four weeks the dose was increased to COO mg. per day. There were 
no further significant changes during a 30-day period on this 
dosage. 

Treatment was then discontinued and a gradual reversal of the 
above effects was observed ; the changes were detectable 10 days 



Flo. 2. — Level of roothiemoglobin in patient’s blood on various dosages of ascorbic acid. 

after cessation of therapy, and after 30 days the o.vygon capacity, 
total hjemoglobin and plasma ascorbic acid had very nearly regained 
their former values. The red-cell and reticulocyte counts rose to 
their original levels in three weeks ; there was, however, a subseouent 
fall. ^ 

The changes in the white-cell count shown on the graph are 
somewhat irregular ; on the average the patient tended to have a 
liigher AV.B.C. value while untreated than when undergoing treat- 
ment. The differential counts (not recorded) were normal throughout. 

Next, varying doses of ascorbic acid ranging from 60 mg. per day 
upwards were tried. It was found that 200-300 mg. per day were 
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patent fce ftom ojatnosis. The ierels of met-Hb. maintained on 
different dosages are illustrated in fig. 2. 
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Treatment with methylene blue 

^^en the patient had returned to her origioal condition after 
cessation of ascorbic acid therapy, she was given 4 grains of methylene 
blue daily for three weeks. Fig. 3 shows that the effect of this treat- 
ment on the met-Hb. is much the same as 
with ascorbic acid. The minimal dosage 
necessary to maintain the met-Hb. below 
10 per cent, was found to be 1 grain daily. 
A combination of 50 mg. ascorbic acid daily 
with 1 grain methylene blue every other day 
was also effective. Minimal methylene blue 
treatment has been continued for many 
months without any untoward effect. 

In every oral dosage regime investigated, 
at least 7 per cent, of the blood pigment 
remained in the form of met-Hb. It was 
thought that this residual pigment might be 
converted to ordinary Hb. by administering 
methylene blue intravenously. 

Two experiments to test this were per- 
formed. The patient was on an oral dosage 
of 4 grains methylene blue daily. In the 
first experiment 52 mg. (1 mg. per kilo body 
weight) of methylene blue in the form of 
a sterile 0‘25 per cent, aqueous solution were given in a single 
intravenous injection. Samples of blood were taken after 1, 3 and 
5 hours. In the second experiment an initial injection of 52 mg. 
was followed 2^ hours later by a further 25 mg. The results are 
illustrated in fig. 4. In both experiments, the amount of met-Hb. 
in the blood was considerably reduced ; tbe final level was between 
0-2 and 0-4 g. per 100 ml. or about 2 per cent, of the total hsmo- 
giobin. These figures were obtained from the difference between iron 
analysis and oxygen capacity. Since it has been found that a similar 
difference frequently exists in normal human blood (the cause o 
which has not been definitely determined), it cannot be sta e 
categorically that a residue of met-Hb. remained after intravenoi^ 
methylene blue. None was detectable spectroscopically m our oo 
samples. In addition, for such small differences, experimenUl eixors 
in the estimations become increasingly sigmficant. t is no 
that the extra injection of 25 mg. in expt. 2 did not oiler the blood 

picture. 


Fig. 3. ■ — Effect of oral 
methylene blue on methse- 
moghb’m level in blood. 
Hatched area represents 
metbEetnoglobin, i.e, the 
difference between total 
hfemoglobin and bssmo- 
globin capable of trans- 
porting oxygen. 
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Action of therapeutic agents on blood in vitro 

In the foUowing experiments mot-Hb. was detemmed 
method of Evelyn and (1938), or in some cases by a less precise 

method in which n 1 1 20 dilution of blood in water ws 
TUett colorimeter with a spectroscope eyepiece. Mot-Hb. bands xn the 


Eip. I EW ® 

Methylene Wne Melhjieoe blue 



Fio. 4. — Effect of intrnvetious methylene blue (in addition to oral mothylono blue) 
on inothatmoglohin level, 

red were matched in intensity ; then all the pigment in the right hand 
cup was converted to met-Hb. by addition of Boh’d ferrioyanido, and 
the bands rcmatohed. In a typical experiment, with bands originally 
matched at 30 mm., after addition of ferrioyanide, match was 
obtained with the right hand cup at 6-0 mm. Therefore met-Hb. 

originaily present = ^ Xl00!= 20 per cent, of total pigment. 

Ascorbic acid. Lian et al. and Deeny ei al. found that ascorbic 
acid added to samples of Wood from their cases reduced the mot-Hb, 
to Hb. Wo have confirmed their observations on our patient’s blood. 

Methylene blue. Incubation of saponin-haemolysed saline-diluted 
blood from our case with methylene blue at 37° C. for one hour resulted 
in the disappearance of the met-Hb. A small effect was first observed 
at a concentration of O-OS mg. per 100 ml. of methylene blue ; the 
proportion of met-Hb. altered in one hour increased with the con- 
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centration of methylene blue untU at a level of just over O-o 

per 100 ml., the pigment was completely destroyed. These results 
are illustrated in fig. 5. 



Fig. 5. — In-vitro effect of methylene blue on methremoglobinsemic blood (4 g. met-Hb. 
per 100 ml. diluted 1 : 20 with normal saUne : 1 hr. at 37° C.). 


Glutathione. The concentration of glutathione in the patient’s 
blood was found to be normal (66 mg./lOO ml.). Incubation of the 
blood at 37° C. for 4 hours with added reduced glutathione in con- 
centrations ranging from 0*01 to nearly 1 per cent, had no significant 
effect upon the concentration of met-Hb. present. It is possible that 
longer incubation would have produced a measurable reduction of 
met-Hb. Gibson (1943) points out that while glutathione will reduce 
met-Hb., its action is much less powerful than that of ascorbic acid. 

Action of normal cells and plasma, {a) Several experiments were 
performed to test the effect upon the met-Hb. in the patient’s red 
cells of the addition of normal blood or plasma. In general no 
significant effect on the rate of reduction of met-Hb. could he 
demonstrated by normal blood, cells or plasma. 

(6) Fresh liver suspension was, however, effective in reducing 
the met-Hb. 

(c) The addition of glucose had no effect ; lactate produced a sma 
decrease in met-Hb., which may possibly be significant, vhie 
methylene blue and lactate produced irregular results. 

(d) A sample of normal blood of the same blood group as e 

patient had the Hb. partially converted to met-Hb. by amjd nitri e 
in normal saline (Warburg et al., 1930). The cells were then spun 
down and the excess of amyl nitrite removed by repeated^ was un^ 
with normal saline. These cells were then incubated at 37 an 
washed red, cells from the patient were incubated simmtaneous 
Met-Hb. was estimated at intervals. The results showed very ^ 
change in the content of met-Hb. of the patient’s red ce s 
period of 7 hours ; in the presence of normal serum or t e pa 
serum, with or without added glucose and phosphate, t e , 

rate was observed. On the other hand, the reduction o t le ar 
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created »et-Hb. in normal colls took place at a much greater rate. 
No sieniflcant change was produced by the addition of glucose and 
phosphate, nor was any inhibitory effect of the patient s plasma upon 
the reaction observed. 

DisonsstoN 

The re.sults upon our patient confirm the findings of Liau and of 
Deeny and their co-workers that in cases of congenital methmmo- 
globinfemia daily administration of ascorbic acid will relievo tho 
cyanosis and reduce tho proportion of mothmmoglobin present to about 
7 per cent. The maximum effect obtained with ascorbic acid would 
seem to be directly related to saturation ; it occurred at a dosage of 
between 200 and 300 mg. per day, greater amounts producing no 
further change. The small change in methmmoglobin produced by a 
dosage of 50 mg. of ascorbic acid per day did not visibly affect tho 
cyanosis. Thus it is clear that oven a liberal normal diet would not be 
expected to provide, in itself, suffieient vitamin C to alter the patient’s 
clinical state. 

The other changes in the blood cells are interesting. It was 
obvious that the patient, when untreated, had a certain degree of 
compensating polyoythtemia, shown by a high total basmoglobin and 
a tendency to a higli red ceU count. Both fell, and surprisingly 
promptly, when ascorbic acid was administered. This evidence might 
indicate that tho factors controlling the levels of hemoglobin and of 
red cells in the body are considerably more dynamic than has hitherto 
been believed. The raised white coll count, which also showed a 
tendency to fall during treatment, is not readily explainablo. 

Treatment with methylene blue or a combination of asoorbio acid 
and methylene blue was equally effective. Tho intravenous experi- 
ments showed that the amount of methtemoglobin could be reduced 
to 2 per cent, or less by the introduction of a sufficient concentration 
of methylene blue into the circulation. It is quite probable that no 
methEemoglobin remained, the difference between total iron content 
and oxygen capacity of the blood being of the some order as differences 
frequently found in normal blood. It is probable that the methylene 
blue is reduced to the leuco- form by some enzyme system present 
in the blood, and is then able to act upon methffimoglobin, reducing 
it to hamogiobin. 

Warburg et al. reported the presence in some mammalian red 
cells, including those of man, of an enzyme capable of reducing 
mothamoglohm to hsmoglobin, utih'sing glucose as substrate. Accord- 
ing to Cox and Wendel methsemoglobin formed in dogs by the action 
of drugs is very rapidly reduced, and by a system that is independent 
of tissues other than the blood. They found that the concentration 
oi glucose had no effect upon the action of this enzyme in the dog 
whereas Brooks (1934-35) observed a marked catalytic action of 
glucose upon the reduction of methEemoglobin in the rabbit. It is 
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tlius evident that there are marked species differences in the wav in 
which meth^moglohin is dealt with, but that an enzjnne system in. 
the blood capable of reducing methEemoglobin is widespread. The 
available evidence points to the conclusion that this system is present 
in the erythrocytes themselves. 

We have shown that the methmmoglobin in our patient’s blood 
ceUs is changed only very slowly by incubation in vitro, and that the 
addition of intact normal cells or normal plasma, with or ■’without 
glucose and phosphate, does not alter the picture. Am y] nitrite- 
produced methsemoglobin in normal cells, on the other hand, is quite 
rapidly reduced. No inhibition of this reaction was observed by the 
addition of plasma from the patient. 

The most hliely interpretation of these results is that the patient 
suffers from some deficiency in the enzyme system normally present 
in erythrocytes which prevents the accumulation of methsemoglobin. 
Recent work by Barcroft et al. (1945) and Gibson (1947) has gone a 
considerable way to elucidate the nature of the deficiency. 


SranuEY 

1. Successful treatment of a case of idiopathic methsemoglobinsemia 
with orally administered ascorbic acid is reported. Oral methylene 
blue was also an effective treatment. The 7 per cent, residual 
methmmoglobin present during oral treatment was temporarily 
greatly reduced if not removed altogether by intravenous methylene 
blue. 

2. In-vitro experiments indicate a probable deficiency in our 
patient of the normal erythrocyte enzyme system wliich reduces 
methsemoglobin and prevents its accumulation in the blood. 
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TTn? t'^OLATION and CULTIVATION OF 

VIRUS ON THE CHOBIO-ALLANTOIS OF CHICK 

EDIBRYOS 

A. W. Dowitib and K. R. DtratnEii 

From the Department oj Bacteriology, The DMfersity of Liverpool 
(PliiTES XXII AKD XXm) 


Since Torres and Teixeira (1935) reported the successful propagation 
of a strain of alastriin virus through ten successive transfers on the 
chorio-aUantois of developing hens’ eggs, several reports of similar 
success Tvith virus ftom typical cases of smallpox have appeared. 
Lazarus el at (1937) passed a strain of variola virus through 45 
successive transfers on the chick chorio-allantois and observed that 
the appearance of the infected membranes was typical and remained 
constant throughout the series. Buddingh (1938) described similar 
appearances produced by a strain of variola virus carried through 
ten passages and suggested that the egg technique might servo ns a 
useful laboratoiy diagnostic procedure. Markham and Bozalis (1930) 
used the method successfully in five atypical cases of smallpox and 
showed that the virus isolated was neutralised by specific antiserum 
prepared in the rabbit. Nelson (1939, 1943) passed a strain isolated 
in America 200 times and a Chinese strain 44 times in eggs. He 
failed to find any evidence of change in virulence for animals towards 
that characteristio of vaccinia virus in eitlier of the two strains so 
propagated. Irons et al. (1941) succeeded in isolating variola virus 
from four of five cases of smallpox by culture on egg membranes and 
commented on the differential value of the method, as varicella virus 
does not produce detectable lesions in this tissue. In a later paper 
Bolds and Irons (1942) recorded similar positive results from 18 of 
27 smallpox cases and confirmed the earlier observations that the 
virus showed no tendency to change towards vaoeinia on repeated 
egg passage. More recently North et al. (1944) recorded the isolation 
by egg culture of variola virus from smallpox crusts wliioh had been 
kept at -8° C. for over a year, and suggested that the lesions on the 
chono-allantois were sufficiently distinct from those of vaccinia to 
enable the egg-culture technique to be used in the differential diagnosis 
01 variola and generalised vaccinia. 
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thus evident that there are marked species differences in the u-ay in 
which methsemoglohin is dealt with, but that an enzjune system in. 
the blood capable of reducing methaemoglobin is uddespread. The* 
available evidence points to the conclusion that this system is present 
in the erythrocytes themselves. 

We have shown that the methsemoglohin in our patient’s blood 
cells is changed only very slowly by incubation in vitro, and that the 
addition of intact normal cells or normal plasma, with or without 
glucose and phosphate, does not alter the picture. Amyl nitrite- 
produced methsemoglobin in normal cells, on the other hand, is quite 
rapidly reduced. No inhibition of this reaction was observed by the 
addition of plasma from the patient. 

The most likely interpretation of these results is that the patient 
suffers from some deficiency in the enzyme system normally present 
in erythrocytes which prevents the accumulation of methsemoglohin. 
Recent work by Barcroft et al. (1945) and Gibson (1947) has gone a 
considerable way to elucidate the nature of the deficiency. 

SuiUJIABY 

1. Successful treatment of a case of idiopathic methsemoglobinsemia 
with orally administered ascorbic acid is reported. Oral methylene 
blue was also an effective treatment. The 7 per cent, residual 
methsemoglobin present during oral treatment was temporarily 
greatly reduced if not removed altogether by intravenous methylene 
blue. 

2. In-vitro experiments indicate a probable deficiency in our 
patient of the normal erythrocyte enzyme system which reduces 
methsemoglobin and prevents its accumulation in the blood. 
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with bacteria (frequently Staphylococcus aureus) a few drops of penicillin soiution 
containing 100 ttnits per ml. were dropped on each membrane after 24 hours, 
and again after 48 hours, if incubation was to bo continued for 3 days. 

Sections of membranes and skin from fatal cases of smallpox were stained 
by hiematoxylin and ooain and, to demonstrate inclusions, by a modified 
Mann’s method (Downie, 1939), sometimes preceded by h.-eroalum. Smears 
from the lesions of patients and from egg membranes were stained by Gutstoin’s 
method (1937) for the demonstration of elementary bodies. 

Intection op ohorio-allaktois ivrrH variola vnitrs 
Macroscopic appearance of lesions 

The appearances produced on membranes infected ivith strains of 
variola virus from twenty patients have been constant, irrespective 
of the nature of the virus inoculum. The severity of infection 
naturally varies with the amount of active virus inoculated hut has 
not varied appreciably with strains from different patients. The 
appearances are moat characteristic after 48 or 72 hours, when the 
majority of the infected eggs have been examined. 

IVhen the amount of virus in the inoculum has been relatively 
large, as with most vesicle fluids, there is usually a central area, 
ranging from 1 to 3 cm. in diameter, which shows definite thickening 
and opacity of the membrane, -ndth some evidence of congestion but 
no definite haimorrhago. This central lesion is frequently smooth 
on the surface and is usually raised above the level of the normal 
membrane around it. Around the central area of infected membrane, 
isolated lesions are usually present in the form of small circular dome- 
shaped spots which are smooth on the surface with an opaque greyish 
white centre fading to a more translucent peripheral zone. These 
isolated spots are usually 0-5 mm. or less in diameter after 48 hours, 
and may attain a size of 1 mm. after 72 hours. When the inoculum 
is smaller, as la more likely when crust extracts are used, the 
central confluent lesion is usually absent and instead the small 
discrete lesions are found scattered over the surface of the membrane 
(fig. 1). On some membranes the lesions may number several 
hundred without any tendency to coalesce. Twenty-four hours 
after inoculation, isolated lesions are not usuaEy visible to the 
naked eye although, when the inoculum is heavy, there may be 
at this time a central area slightly more opaque than the peripheral 
part of the membrane and showing some general congestion. After 
four days the lesions may appear slightly larger and more opaque 
than at 3 days, and later there may be some general increase in 
opacity of the membrane. The lesion does not usually progress 
further, however, and in one egg opened after 8 days, just before the 
chick was due to hatch, the infected tissue had been largely shed 
from the underlying healthy membrane and was present as an opaque 
greyish yeUou’, apparently necrotic moss about 1 cm. in diameter at 
one side of the exposed membrane, which otherwise appeared normal. 
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Histology 

Secbons of tlie infected membrane removed after 24 hours usuallv 
show in the central area well-marked dilatation of capillaries 
immediately under the ectoderm, wMch itself shows commenciiu^ 
proliferation. At other points there may be localised thickening of 
ectoderm wliich may be five or more cells deep. There is at this slicre 
httle cellular infiltration or proliferation in the mesoderm, although 
the endoderm may show commencing hypertrophy. After 48 hours, 
by -which time a large central area of the membrane is affected, there 
is usually marked hypertrophy of the ectodermal layer, which may be 
many cells thick. There is frequentlj'- infiltration of granular leucocjdcs 
into the ectoderm and immediately underlying mesoderm. In tlie 
vessels there is often marked accumulation of leucocytes and some 
proliferation of vascular endothelium. The isolated lesions have 
increased in size and frequently show infiltration -with leucocytes 
into and belo-w the locah’sed ectodermal proliferation. The lesions 
have a similar appearance after three days. Eig. 2 shows the 
appearance of isolated lesions at this stage. Swelling and degeneration 
of infected ecto’dermal cells have usually become well marked by the 
third day and in the area of the confluent lesion many of the ectodermal 
cells have become swollen, rounded off and detached from neighbouring 
cells ; a layer of degenerated granular leucocytes and red cells may 
cover the surface of the lesion but haemorrhage into the mesoderm is 
rarely seen. By the third day, also, whole areas of proliferated 
ectoderm may appear to become detached from the rmderlying tissue 
and, at other places, localised degeneration of these cells may give 
rise to the appearance of early vesicle formation. Leucocydio in- 
filtration into such areas of degeneration may resemble the pustule 
formation seen in the skin of smallpox patients, although the isolated 
lesions in the egg membrane are always much smaller. By the fourth 
day much of the infected epithelium and leucocytic debris has been 
thro-wn off and regeneration of the underlying ectoderm has begun. 
At aU stages, thickening of the endoderm immediately below the 
ectodermal lesions is to be found, and the mesoderm may also be 
thicker than normal as a result of the inflammatory changes describee . 

Inclusion material. This may make its appearance -witliin 
hours of infection in the form of fine acidophil granules in t le cy o 
, plasm of ectodermal cells. The inclusions are more readflj^seen in 
the central area of hea-vdiy infected membranes and may no e oun 
at this stage m the discrete areas of ectodermal proliferation. 

48 hours the acidophil material has generally increased m ® 
and is to be seen as granular eosin-staining masses, i^eg ar in 
sometimes at one side of the nucleus, sometimes at o P > 
in other cells the nucleus may be completely ^ 

Occasionally the acidophil material is present m e (jjameter, 


small homogeneous bodies, varying up 
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Plate XXII 


Cultivation of variola virus 



X 

Fio. 1. — Chorio*ollflnto5o membrane 3 days after Fig. 5. — Cliorio*nllnntoio membrnno 3 days 
mfectlon with extract of crusts from a case of after infection with vaccinia virus from a 

smallpox. X 1 '5. voccinntlon vesicle in a young adult, x 1 *5. 



Fig. 2.— Section tlnougli cLorlo-nllantois of S-day lesions dne to variola virus. Haunit- 
toxylin and eosin. x 40, 
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Cultivation of variola, virus 
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Fio 3 — Section through 3 day variola lesion on chorio allantois, 8ho\\ing cytoplasmic 
inclusions in ectodermal colls. Haranlum, eosin and methyl blue. Dufay film. 
X300 




. 5 ^. ") 







Fio 4 — Section through early smallpox lesion m human skin, showing inclusion 
material m cells of malpighian layer. Eosin and methyl blue Dufay film x 300. 




193 


CVLTIVATJON OF VARIOLA VIRUS 

i. tt. .t s.'xs:s “I 

siom, as depicted in the eeUs °f “tIio ballooned cella, 

variola or vaccinia virus, have bv the third day, 

meLtanes infected directly rrith matenal from 
inclusion material is usually scanty and may bo “ 

swollen cells in the deeper ectodermal layers m 
lesion. On passage, the inclusion matenal appears to increase m 
amount and, with one strain wliich has been pi^cd 16 times on 
eggs, aeidopbil material was constantly present in tho eotodonnal 
cells of discrete lesions as well as in the central confluent areas, tvcn 
in these later passages, however, tho area of ectodermal proliferation 
appears to extend beyond the area of infection and inclusions are not 
as extensive in distribution as the ectodermal hypcrtropliy. Inclusions 
were not identified in mesodermal cells, nor were they found iritliin 
the nuclei of ectodermal cells (c/. Torres, 1935-30). 

Pieces of shin from six fatal cases of smallpox were fixed nnd 
stained by the same methods as those used for egg membranes. 
Cytoplasmic acidophil material can bo seen in the infected swollen 
cells of the malpighian layer in vesicles and pustules (fig. 4). In 
some of the epithelial cells the inclusion material is present in the 
form of numerous small discrete bodies, while in others it appears 
as irregular granular mas-ses almost filling tho cytoplasm. These 
appearances are similar to those observed in tho ectodermal cells of 
the infected chorio-aUantois. It is likely that the finely gyanular 
material corresponds to masses of elementary bodies such as were 
observed by Himmelweit (1938), using the ultropak method, in the 
living ectodermal cefls of the chorio-allantois of duck embryos infected 
with vaccinia mrus. As noted by Hammersebmidt (1918) and others, 
the inclusions in the skin of smallpox cases, as in the skin of rabbits 
and calves infected with vaccinia virus, are unlike the Guarnicri bodies 
seen in the infected corneas of rabbits. 

Klementary bodies can readily be found in suitably stained smears 
from infected egg membranes although, as noted by Lazarus el al, 
Budefrngh and others, they are not usually so numerous as in corre- 
sponding smears from vacoinia-infected membranes, nor as in nronerlv 
prepared smears from papular or vesicular lesions in smallpox^ca^s ^ 


Survival of embryos 
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heavy. The one strain wHch has been passed 16 times on tlie 
chono-allantois also failed to produce death of the embrros On 
two occasions embryos were found dead 3 days after inoculation 
(6th and 7th passages), but in subsequent transfers the embryos 
regularly survived up to the time of examination (3 days). The 
ground membranes, when suspended in broth and titrated in 10-fold 
dilutions of the supernatant, usually proved infective in dilutions up 
to 10^ ; the undiluted supernatant fluids contained, therefore, many 
infective doses which nevertheless failed to produce fatal infections 
in the embryos. 


Comparison of variolar and vaccinial lesions on the ckorio-allanfois 

By comparison with variola, the lesions produced by vaccinia virus 
are much larger and, after 3 days’ incubation, isolated lesions may 
attain a diameter of 3 mm. (fig. 5). These lesions tend to be flatter 
and more necrotic, so that the surface is rougher and not dome- 
shaped lilce the smaller lesions of variola. Furthermore, hsemorrhage 
into the membrane is more frequent, especially when the lesions are 
confluent. Although, with egg-adapted strains of vaccinia, a heavy 
inoculum frequently causes fatal infection of the embryo, vaccinia 
virus from the hmnan skin does not at first prove excessively virulent, 
so that the relative virulence of the two viruses is of no great value 
in diagnosis. Histologically, the vaccinial lesions are more extensive 
and more destructive than those produced by variola virus, and 
proliferation of the ectodermal cells is not such a marked feature. 
The inclusion material in infected ectodermal cells has a similar 
appearance in the two types of infection, although with variola it 
tends to be more coarsely granular. 


Neutralisation of variola virus by antivariolar arid 
antivaccinial sera 

Neutralisation testa were made by the pock-counting method on 
infected egg membranes. The virus inoculum used in the tests shown 
in table I was the supernatant fluid obtained by centrifugation of a 
membrane suspension from eggs infected with vesicle fluid from a 
case of smallpox. The antivariolar serum was obtained from a 
woman aged 35 years on the 18th day of a moderately severe attack 
of smallpox. This patient had been vaccinated in infancy. ® 
antivaccinial serum was obtained from a young adult male who a 
been successfully vaccinated for the first time 17 days previous .f- 
Normal serum used as a control was obtained from a young a 
who had never been vaccinated and who subsequently gave a 
primary response to vaccination. The heat-inactivated sera 
mixed with virus suspension to a final serum dilution of 1 > • 
effect of normal serum was controlled by a 4th mixture m 
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saline was substituted for serum. All mixtures were allowed to stand 
for one hour at room temperature and eggs were then infected with 
inooula of equal volume. The eggs were opened after three days, and 
the membranes carefully out out and immersed in formol-saline for 
greater ease in counting. There was no significant difference in the 
number of lesions on membranes infected with sabne-virus and normal 
serum-virus mixtures. From the results of one such experiment 
shown in table I it wUl be seen that there was a very considerable 

Table I 


Neutralisation of variola virus by human antivaccinial 
and by antivariolar eerum 



Serum In seniffl-vlrus mixtures 


Antlrariolar 

antlrocciulal 

Normal human or 
BaUuo 

No. of lesions on egg membranes . 

J8, 2, 8, 

34, 2, 9, 

650, 260, 245, 

4. 10, 10 

16, 22 

230, 108, 340 

Average no. of lesions .... 

10 

17 

302 


reduction in the pock count compared with the controls when either 
variolar or vacemial antiserum had been mixed with the virus. The 
two antisera used had comparable titres when examined by the 
complement-fixation test against a vaccinial antigen and there seemed 
to be no significant difference in their neutralising power against 
variola virus as tested by the pock-counting method on egg membranes. 


The DIA.QNQSTIG VALUE OE THE CHOHIO-ALLAJNTOIO 
rNFECJTION TECHNIQUE 

The successful results obtained with material from 20 cases of 
smallpox are summarised in table II. The cases have been arranged, 
not in strict chronological order, but according to the nature of the 
inoculum. All the cases were in adolescents or adults and three died 
of their infection (nos. 2, 3 and 12). The cases occurred in eight 
separate outbreaks. In three outbreaks infection was derived from 
Near East, in the remaining five from In^a. From 
the first 7 cases shown in table II vesicle or pustule fluid only was 
available ; from 4 cases fluid and crusts were examined separately ; 
from case 12 — one of hemorrhagic smallpox — -virus was recovered 
from a clotted sample of blood taken two days before death as well as 
from vesicle fluid : from the last 8 cases listed, crusts only were 
examined. Specimens were collected between the 4th and 23rd day 
of illness, but the severity of infection of the cliorio-allantois was not 
directly related to the stage of the disease at which the specimens 
were collected. In general, however, the inoculation of vesicle or 
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pustule fluid (diluted) produced more extensive lesions than diH 
extracts of crusts. In case 1, the original fluirwas dUuS 
approximately 1 ; 100 and 1 : 1000 for the 3rd and 4th eggs. . The 

TABtE n 

Isolation of virus from 20 cases of smallpox 


Case no. 


1 

2 

3 

4 

5 

6 
7 


10 

11 

12 

13 

14 

15 
1C 

17 

18 

19 

20 


Bay of disease 
on which specimen 
obtained 


6 

11 

13 
8 
8 
4 
9 

no 

t,23 
flO 
\10 
f 6 
\13 

{? 

17 
12 
21 

18 
23 

14 
14 
11 


Material for test 


Pluid 


P.M. 

P.M. 


Crusts 

Fluid 

Crusts 

Fluid 

Crusts 

Fluid 

Crusts 

Blood 

Fluid 

Crusts 


ntsult of Inocolatlon on chorlo-allantob | 

Xo. of eggs Inoculated 

Lesions produced 

4 

C, C, 195,* 2* 

4 

C, C, C, C 

4 

C. C, SC, SC 

2 

90, 19 

2 

C, C 

2 

C, C 

2 

SC, 12 

5 

C, C, C, SC, SC 

3 

C, C, C 

4 

sc, SC, 150, 35 

3 

C, C, 0 

2 

C, C 

3 

45, 30, 11 

2 

! C, C 

3 

55, 18, 9 

C, 10, 0, 0, 0 

5 

3 

C, C, C 

5 

25, 12, 10, C, 2 

4 

120, 85, 14, 13 

2 

250, 150 

2 

0, 2 

SC, SC 

2 

2 

300, 220 

2 

80, 14 

3 

C, C, C 


• = inoculated with 1 : 100 and 1 : 1000 dilutions of the vesicle fluid. 

C = area of central confluent infection with peripheral discrete lesions. 

SC = numerous discrete lesions tending to become confluent. 

Figures indicate the number of discrete lesions on individual egg membranes. 


occurrence of confluent lesions in membranes inoculated with other 
specimens of fluid or crust extract indicated that these inocula would 
probably have been infective if diluted 1 : 1000 or even liigher. IVliere 
the original inoculum produced only discrete lesions, transfer to 
further eggs usually resulted in confluent infection of the membranes. 

In two cases variola virus was not isolated by the egg-culture 
method. The first was in a patient who had been tmee successfullj" 
vaccinated within three months of his suspected variola infection; 
this was diagnosed clinically on the history of a febrile attack 
commencing six days after the second vaccination and the appearance 
of one tjrpical pustule and two doubtful lesions a few dap later. 
Two tiny dry crusts collected on the tenth day were submitted for 
examination. This material was insufiicient for a serological test and 
an extract failed to produce variolar infection on egg membranes. 
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The second failure was in a typical mild clinical case. An extract of 
crusts collected on the tenth day gave a positive serological test for 
variola-vaccinia antigen. This fluid, prepared by extraction of crusts 
with 9-0 per cent. NaCl, showed on culture numerous staphylococci 
and. as we had not then adopted penicilUn to suppress such bacterial 
contaminants, it was treated with ether for eight days in the 
refrigerator. At the end of this period the e.xtraot was baoteriologionlly 
sterile but, after removal of the ether, it failed to produce infection 
on the chorio-allantois. Subsequent e.xperience leads us to believe 
that inoculation of the fresh extract lui.xcd rvitli penicillin would have 
jdelded a positive result. 

In 14 of the 20 cases shown in table 11 serological tests for 
antigen in fluid or crusts were made and gave positive results. Two 
of the remainder (cases 1 and 12) w-ero clim’cally typical severe 
cases, and smears from the vesicles showed numerous elementary 
bodies. In case .t, which was mild, the sample of crusts submitted 
was inadequate for serological test. In case 6, which showed very 
few lesions, the specimen submitted consisted of a little dried e.xudate 
on the tip of a pipette which had been used in an attempt to get 
vesicle fluid. Tn cases 6 and 7, only dried smears on slides were 
submitted for microscopical examination. In each instance the dried 
film on one slide was taken up in a little saline for the inoculation of 
eggs. In these last four oases the material submitted was inadequate 
for serological examination. 


Discussion 

Our experience with the egg-culture method has convinced us that 
successful results can be obtained with material from the majority 
of smallpox cases from the late papular or early vesicular stage right 
through to the late crusting stage of the disease. The disadvantages 
of the method as a routine diagnostic procedure are, first, that a 
supply of fertile eggs at the proper stage of development must bo kept 
available and, second, that at least two days must elapse before a 
provisional positive report can be made. A quicker result is obtained 
both by the examination of stained smears from early lesions and by 
serological examination for antigen in fluid or crusts. However, the 
results of the examination of smears must be interpreted with caution, 
particularly in the pustular stage; the egg-culture method would 
provide useful confirmation in these cases. It is also particularly 
useful when the material submitted is inadequate for serological 
examination. ° 

In the differential diagnosis of smallpox, confusion with varicella 
may be resolved by the use of the egg-culture method, as the virus 
of varicella fails to produce detectable lesions in the chorio-allantois 
\accmml infection is readily differentiated by the macroscopic 
appearance of the membrane lesions. The lesions of herpes febrilis 
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pustule fluid (diluted) produced more extensive lesions than did 
extracts of crusts. In case 1, the original fluid was diluted 
approximately 1 : 100 and 1 : 1000 for the 3rd and 4th eggs Tlie 


Tabie n 


Isolation of virus from 20 cases of smallpox 


Case no. 

Dar of disease 
on which Bpecimen 
obtained 

Material for test 

Result of Inoculation on cliorio-allantolj 

No. of eggs Inoculated 

Xoslons produced 

1 

6 

Fluid 

4 

C, C, 195,* 2* 


11 

„ F.M. 

4 

C, C, C, C 

3 

13 

„ P.M. 

4 

C, C, SC, SC 

4 

8 

>» 

2 

90, 19 

5 

S 

ft 

2 

C, C 

6 

4 

ft 

2 

C, C 


9 

ft 

2 

SC, 12 


PO 

ft 

Crusts 

5 

C, C, C, SC, SC 


\23 

3 

C, C, C 


no 

Fluid 

4 

SC, SC, 150, 35 



Crusts 

3 

C, C, C 



Fluid 

O 

C, C 


U3 

Crusts 

3 

45, 30, 11 

11 

1 ^ 

Fluid 

2 

C, C 


\15 

Crusts 

3 

55, 18, 9 

12 

( ® 

Blood 

6 

C, 10, 0, 0, 0 


1 7 

Fluid 

3 

C.C.C 

13 

17 

Crusts 

6 

25, 12, 10, 0, 2 

14 

12 


4 

120, 85, 14, is 

15 

21 


0 

250, 150 

10 

18 


2 

6, 2 

17 

23 


2 

SC, SC 

18 

14 


2 

300, 220 

19 

14 


2 

80, 14 j 

20 

11 

>9 

3 

C, C, C 1 

1 


* = Inoculated with 1 : 100 and 1 : 1000 dilutions of the vesicle fluid. 


C = area of central confluent infection with peripheral discrete lesions. 

SC = numerous discrete lesions tending to become confluent. 

Figures indicate the number of discrete lesions on individual egg membranes. 


occurrence of confluent lesions in membranes inoculated with other 
specimens of fluid or crust extract indicated that these inocula would 
probably have been infective if diluted 1 : 1000 or even higher. Where 
the original inoculum produced only discrete lesions, transfer to 
further eggs usually resulted in confluent infection of the membranes. 

In two cases variola virus was not isolated by the egg-culture 
method. The first was in a patient who had been twice successfully 
vaccinated within three months of his suspected variola infection , 
this was diagnosed clinically on the history of a febrile attack 
commencing six days after the second vaccination and the appearance 
of one typical pustule and two doubtful lesions a few days later. 
Two tiny dry crusts collected on the tenth day were submitted or 
examination. This material was insufficient for a serological test an 
an extract failed to produce variolar infection on egg membranes. 
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NORMAL AND ABNORMAL BLOOD-COUNTS 
ON THE WITWATERSRAND 

6. W. H. SOHEPERS 

University of the Witwatersrand, Johannesburg, South Africa 

On the Witwatersrand several major factors may co-operate in 
modifying the blood-count. There is firstly the altitude, which is 
about 6000 feet above sea level ; secondly there are the unclouded 
skies, Tvliich must influence the iron content of dietetic articles and 
thus may materially affect the health and robustness of individual 
subjects ; thirdly there is the problem of deep level mining, in wWoh 
a very large proportion of the male population participates. Some 
individuals daily descend to depths of nearly 9000 feet, and this 
barometric factor may combine with the possible effects of exposure to 
silica dust in modifying the blood standards of such workers. 

This paper briefly presents the results of an analysis of the blood- 
count in normal subjects and in suficrers from macrocytic anremia. 
None of the individuals under review had ever served as miners on 
the Witwatersrand. 

TEOHNKiOT: 

Standards 

The following etandords wore observed. Capillary blood only was examined ; 
it was alternately obtained from tho lobo of the ear or from the finger pulp./- 
The Joseph (1022) modification of tho capillary tube method in use by the South 
African Institute for Medical Research was found not entirely reliable where 
samples w’ere collected by different individuals. Emmereon (1932-33) has shown 
conclusively that where this method is checked against the Thoma-Zeiss pipette 
method by an experienced technician the differences obtained do not differ 
significantly. But the capiiloty tubes are less readily controlled than pipettes, 
though they apparently make collection a simple matter. Having watched 
many students and colleagues collecting blood, in an effort to discover the 
source of serious discrepancies betw’oen determinations on samples separately 
collected, I hav’e come to tho conclusion that the chief source of error lies in 
inadequate griping of the capillary tube ends. The tubes are usually over-filled. 

It is not sufficiently realised what o largo difference a “ little ** extra blood at 
one end of the tube may moke on the final count. On the other hand, if one 
keeps a few dozen standardised collecting pipettes handy and in good condition, 
it is actually an easier procedure to collect by moans of these than by using 
capillary tubes. About half of my samples -wore collected in Trenner pipettes. 
Erythrocytes. Por the purpose of this investigation two samples were 
taken from each subject on different occasions to avoid diurnal and chance 
fluctuations. Each sample was tnplo checked on Thoma-Zeiss, Levy and 
Spencer hremocytometers, and the averages accepted if all six coxmts tallied 
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satisfactorUy Only those counts were accepted in wliieh t}}e coverelip Xowton’s 
rings persisted in full up till the end of the procedure. 

H^wglobtn. In three samples, the blood to bo tested -was transformed into 
acid hoematin by means of N/10 HCl and compared after 30 minutes u-ith the 
Spencer colorimeter supplied by the Clay Adams Co. Having checked this 
colorimeter against other standards my conclusion was that it is entirelv reliable. 
Dilution was effected by means of distilled water. 

Leucocytes. The white-cell cotmt w’as established from samples collected 
simultaneously with the red cell and hicmoglobin samples, and triple checked ns 
for the erythrocyte enumeration. 

Colour index (SedtH stoudord}. Theso calculations were derived from 
standard values, as follows : — 

IS^ormal hemoglobin = 20-7 g. Hb. per 100 c.c., i.e. 120 per cent. 

Sabli standard. 

jSTormal erythrocytes = C-0 million per c.mm. 


The reasons for this wiU emerge when the statistical evidence is analj'sed. 
The normal colour index by this standard — designated as the Sahli standard 
in contradistinction to the Haldane standard, which is evidently inapplicable 
to the Witwatersrand area, is then 1-0 — a convenient neutral point from which 
variations in hEcmoglobin concentration per cell can be assessed. 

3Iean erythrocytic diameter. This was establislied by means of the tedious 
micrometer method. A satisfactory' personal standard by means of the Eve 
halometer I fovmd myself incapable of acliieving ; and the discrepancies 
between determinations by different operators appeared to be too largo for 
purposes of accurate analysis. For rapid determinations, when necessary, the 
apparatus is useful enough, but it supplies no clue to the percentage incidence 
of microcjdes, macrocytes and poildlocytes, facts which emerge readily wlicn 
Price-Jones histograms are constructed. As to the micrometric diameters of a 
series of cells there can be no doubt. At least 100 were measured in each case, 
often more. Measurements were taken at random from different fields in the 
smear preparation. 

Mean erythrocytic surface area. Assuming that an erytlirooyto as preserved 
on a thin, even, Leishman-stainod smear preparation is a flat circular disc of 
very little thickness, the mean orytlirocytic surface area can bo easily calculated 
from the mean cell diameters of the Price-Jones curve, namely, 

M.E.S.A. = 2(ir r) square microns. 


Hcemoglobin surface concentration index. Of the 37 per cent, of solids 
comprising the normal erythrocyte 95 per cent, consists of haimoglobin, wliich 
is prevented from crystallising out through being combined in some obscure 
way with the water molecules composing the remaining 63 per cent, of the 
living cell. The remainder is constituted by the thin cell membrane and some 
cytoplasm rich in potassium phosphate. The hajmoglobin is distributed to fho 
inner surface of the cell membrane. Hliat is material is its effective distribution. 
Barker (quoted from Lovatt Evans, 1941) established a biologically constant 
ratio of 32 X lO"’* grams of haamoglobin per square micron of corpuscle siaface. 
This was presumably on normal specimens. I foimd the hccmoglobin concentra- 
tion per unit of surface area to vary significantly in the antemios. Burkers 
unit at any rate is tmwieldy. Moreover, it does not take into cansu^ratioa 
eitlier the local standards for hemoglobin or the total red-cell count. Both ot 
thece factors are more important than the actual fraction calculated by • 

A mountain goat with 10 or 14 mUlion microcytes per cubic miUimotor of bioo 
would have an entirely different total surface area to its blood than 
the corresponding “ hemic breathing surface ” in a man at sea level with oni. 

6 million relatively largo cells per cubic mm. 
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In order to take these foctors into consideration I devised a hjomoglobin 
surface concentration index as followa : 


H.S.C.I. = 


C.l. 

M.E.S.A. 


XlOO 


•where H.S.C.I. is the litcmoglobin Burfoco concentration index, M.E.S.A. tho 
mean erj-throcyte surface area and GX tho colour index on n Sahii standard ; 
i.e. normal hemoglobin = 120 per cent. Sahii and nonnal orythrocytoa 0-0 
million per o.ram. Actually, this Sahii atandard givos tho same mdicoal result 
for normal blood at tho Witwatersrand as tho Haldane values give for normal 
subjects at sea level. The H.S.C.I. boro prosontotl should thoroforo bo directly 

comparable with results obtained in low-lying coimtrios. . , , 

With the information made available by means of this index tho mdmdual 
cell-volume determinations usually presented appear to bo redundant. 


Subjects of nomuil blood counts 

In previous reports on tlio normal blood-count on tho Wifcwatorsrand 
{Emmeraon, 1932-33 ; Stammers, 1933; Liknnitzky, 1034-35; Symons, 1939) 
medical students and laborntorj' workers wero studied. Tlieso are not ideal 
subjects for blood-counts. Medical students often immigrate from various 
localities and thus require to imdergo adaptation to tho Witwatersrand altitude 
Tliey often come from selected homes. If they Imvo not already estoblishod 
hard-working habits they ere soon required t-o do so. Indood it is doubtful 
whether they ever become fully acclimatised. By tho timo they roach tho 
fourth year of study they ore usiuvUy etiolated and often undornourisliod. 
The fact that they often attain athletio triumphs may bo moro a roflectiort of 
their nervous habits ; or the state of psychic determination of tho modical 
student, which he acquires imconsciously from tho tempo communicated by his 
professional teachers, may make it possible for him to soouro victory over tho 
more easy-going ocadoraicinns. 

Moreover, modical students do not constitute tho hoalth-seoking public- 
standards should reflect the features of the latter more directly. For tho 
purpose of this investigation my subjects w'ero thus restricted to manifestly 
robust students, or else I oxomined the blood of lienltliy adults betwoon tho 
ages of twenty and forty, recruited from tho ranks of policemen, traffic officers, 
bus or tram drivers, labourers (excluding miners), housewives, typists and 
teachers. All were Europeans with no history of serious past or recent illness, 
so far ns could be determined. My record, then, is based on tho study of 100 
males and 50 females, all residents on tho Reef for the past twenty years. 


Results 

Normal subjects 


features of normal blood-counts are shown in 


The statistical 
table I. 

Enjthrocyles. With the low dispersion in the red-cell counts a 
rough standard of 6-0 milUon for males and 5-6 million for females 
seems permissible, though values between 4-9 and 7-4 milUon are 

If etton^V to- I ^s'i^ve in tho advisability 

of e.vtending this possible range of iiealthy Hmits further by ineaM 

of mathematical calculations. The blood has very little^ reserve 
compared with the moro permanent body tissues. TWs is duo to the 
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than m males. Moreover, total dispersion is small, so that histograms 
vliich have been eonstructed revealed a similar degree of close 
clustering to the modal value of G-6S Taking the ^smallness of 
these cells into consideration, the liigh Hb. concentration appears to 
be particularly significant. 

Mean erythrocytic surface area. The apparent range of variation 
is great, but it must be remembered that these values are e.vpressed 
in square microns. The actual dispersion, however, is not excessive 
and the mean and median averages are clustered very close to the 
mode. Tins measurement gives a more arresting indication of 
disturbances in the direction of either microcjdosis or macrocjtosis. 

Hcemoglobin surface concentration index. Eemarkabty constant 
values were obtained for this index, and the dispersion is low though 
the range of normal limits extends from 1-13 to 2-40. Only occasional 
subjects furnished such extreme values. The significance of this 
concentration index Avill emerge more directly when the abnormal 
blood-counts are reviewed. 

Leucocytes. The values obtained do not differ significantly from 
the averages established at coastal levels, nor did the differential 
white-cell coimt (not included in this paper) give a clue to anj' 
suggestive regional telluric adaptation. On the other hand, this 
correspondence of the white-cell count with normal standards else- 
where suggests that gross technical errors have not been overlooked 
and that the erythrocytic response is a specific adaptation independent 
of total formed element/plasma ratio modifications. 


Macrocytic anmmias ^ 

The results statistically analysed in table HI are derived from a 
study of 300 cases of macrocytic, hypercbromic anajmias among 
residents on the Witwatersrand. These values assembled in table III 
are particularly useful at tlu's jimcture in showing the manner in 
which the features of the abnormal blood-counts are influenced by 
the local standards recorded in table I. 

Erythrocytes. Under the heading of anmniia have been included 
a few instances of red-cell counts of 6 million cells and over, because 
in these cases the hsemoglobin values were remarkably low and there 
were significant changes in cell size. Anti-ansemic treatment cleared 
up sjonptoms and restored the balance between cells and Hb. by 
decreasing the former and increasing the latter. These cases serve to 
bnh the series of abnormal counts with the normal series, but the 
majority revealed counts of 4'0 million and less. Dispersion wth 
reference to the mean value of 4-04 was fairly extensive but no 
excessive, the majority of counts falling between 3-0 and 5-0 milhon. 
In view of the high normal count on the Witwatersrand all these 
cases merit treatment, and the criterion of fewer cells than 4'0 mi ion 
per cubic mm. for therapy would leave large numbers of patients 
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unrelieved of their symptoms and augment the recruitment to the 
ranks of chronic obscure disorders. 


TADtE HI 

Statistical features of macrocytic anwmias on the Wiiwatersrand 
(altitude COOO //.) 



ILnoee 


Averages 


Dispersion 

Items 

Min. 

Max. 

Mean 

Mode 

Median 

Standard 

deviation 

Coefneient of 
\*arIatIon 
{per cent.) 

Erytlirocyte^ (milHona 
per c.mm.) 

J-0 

7*0 

4 04 



0-90S 


Hmmoglobin (g. per 
100 c.c.) 

11-9 

2t-7 

]fiO 

17-8 

18-23 

2‘283 

12-60 

Colour index (Hb. = 
120 Sohli ; R.B.C. 

O'O million) 

0-7 

2-0 

1-37 

1-30 

1-35 

0*224 

10*40 

Mean erythrocyte diam- 
eters (linear microns) 

4-0 

11-0 

7-8 


7.6 

1*20 


Mean erythrocytic sur- 
face areas (eq. 

microns) 

25*0 

225 0 

102*0 

100-0 

1 03-0 

39*00 


HtemoglobiA surface 
concentration index 

0-80 

2*80 

1-06 

1*35 


0'337 


Leucocytes (thousands 
per e.rom.) 

5-0 

40-0 

15*3 

<•01 
9*0 
23 -o) 

22-0 

o-co 



Hcemoghbin. With a mean hasraoglobin value of 1 8 -0 g. per 1 00 o.o., 
wliioh is in excess of the European normal, it may at first seem 
preposterous to diagnose ansmia. But in some of the cases irith 
higher-range Hb. values the red-cell counts were exceedingly low. 
Moreover, cognisance must be taken of the normal values here ; 
and the question of effective' distribution of the Hb. with reference 
to cell surface requires serious consideration. I have shown, in a paper 
to be published, that a direct correlation exists between the red-cell 
count and the blood-sugar level, and that an inverse relationship 
exists between the degree of hypoglycremia and the Hb. value. These 
correlations suggest that the portion of the blood sugar which is not 
readily exhausted by fasting is possibly adsorbed to the red-cell 
surface and may stand in close relationship to the Hb. concentration 
per unit area of cell surface. This may explain the close resemblance 
between certain features of ansemia and hypoglyc.'emia. It also 
suggests that this reserve of blood sugar plays an obscure part in 
the oxygen- and carbon dioxide-carrying functions of the blood. 
With an ineffective distribution of Hb., anEemia may have to be 
diagnosed even in the presence of high Hb. levels. Such anjemias 
must then be diagnosed as hy-perchromie. 

Colour index. The hyperchromia of these amemias would have 
to be regarded as ultra-hyperchromic if the standard for comparison 
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acclimatised to the high altitudes of the Witwatersrand, or who 
may be overworking; medical students in particular appear to be 
unsuitable and show a relatively low ha 3 moglobin content. 

2. There is a normal relative erythrocytosis on the Witwatersrand, 
with a corresponding increase in Hb. level. New standards are estab- 
lished, namely 6 million red cells per c.nim. and 120 per cent. Hb. 
(Sahli) respectively. On tliis basis the colour index thus remains at 
1-0, but if the Haldane sea level standard be used the colour index 
is much higher. All the advantage, however, is on the side of using 
these Sahh determinations as normal \mlues. 

3. The normal cell is slightly smaller in diameter and surface area 
than at sea level in Europe. 

4. The leucocyte count is not modified through acclimatisation to 
the liigh altitude. 

5. The macrocjdic and hyperchromic ansemias of the Witwaters- 
rand discussed in this paper are only explicable in terms of these new 
local standards. The macroeytosis is best reflected in an increased 
mean erythrocytic surface area. The h 3 rperchromia is an expression 
of the local trend of telluric altitudinal adaptation. 

6. But the most significant feature of these ansemias is the decrease 
in Hh. concentration per unit of erythrocytic surface area as estabhshed 
through determinations of the haemoglobin surface concentration 
index (H.S.C.I.). The increase in cell surface area is found to bo 
disproportionate to the increase in the colour index. Consequently 
microcytes have a high Hb. concentration per unit of erythrocjdic 
surface, and in macrocytes this concentration is very sparse. It 
seems to be self-evident that these factors must alter erjdhrocjde 
physiology profoundly. 

7. There is a slight tendency to leucopenia in afebrile anajmic 
cases. But there is an equally great tendency for sepsis and pyaemia 
to be associated with the anaemia and thus to yield moderate degrees 
of leucocytosis. 
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CATARRH OF THE UPPER RESPIRATORY TRACT 
BSr MCE AND ITS ASSOCIATION WITH PLEURO- 
PNEUMONIA-LHCE ORGANISMS 

Derrick G. fp. Edward 

From Special Operational Store “ Tyburn ** at a Wellcome 
Sesearch Laboratory, Front, Sussex 

(Plate XXIV) 

Attention has been drawn to _ the occurrence in mice of pleuro- 
pneumonia-like organisms capable of producing pneumonia (Edward, 
1940). The organisms were isolated from lung lesions wliioh followed 
the intranasal inoculation of sterile nutrient broth. The pneumonia 
was transmissible in series by the inoculation intranasaUy of fresh 
batches of mice with suspensions of the affected lungs. 

After these findings were reported it was noted that a large 
proportion of animals in the stocks of mice under investigation were t 
suffering from catarrh of the upper respiratory tract. Nearly all 
the affected mice had unilateral or bilateral otitis media and cultures 
from pus in the middle ears usually gave pure growths of pleuro- 
pneumonia-lilce organisms. The setiological relationship of these' 
organisms to the condition could not then be investigated further 
because of the high incidence of natural infection in the stocks of mice 
available for study. Lately, however, it became necessary to resume 
the investigation, since lung consolidation of the same type was noted 
during the intranasal passage of iJ. orimtalia in mice, undertaken as 
part of the process for the manufacture on a large scale of a vaccine 
against scrub typhus (Bucldand et al., 1945). An agent capable of 
producing pneumonia in mice was discovered in the scrub typhus 
seed ; its properties were studied and it was shoivn to be similar 
to or identical with an agent present in the upper respiratory tract of 
mice suffering from catarrh. In the stock of mice then in use catarrh 
was very uncommon as a spontaneous infection and it was thus possible 
to investigate it and compare it with the disease described by Nelson 
(1937, 1942) in America, which he called infectious catarrh of mice. 

Technique and methods 

Swiss mice were used, most of them bred at the Experimental Field Station 
of the Agricultiu*nl Research Council at Compton and the rest bought from a 
dealer whose original stock had been obtained from Compton. There was a 
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very low incidence (about 1 : 500) of catarrh of tljo upper respirator^' tract 
among these mice at the time the 5 ' wero received. In n number of control 
experiments at least 250 mice wero inoculated intranasnlly u-ith sterile nutrient 
broth and no lung lesions resulted. In addition 130 mice wore used in control 
passage exjieriments in which mice were inoculated intranasally with broth 
and suspensions of their lungs passed eeriollj' by the same route into fresh 
groups of mice at 4- and 7 -day intoiu-als for 7 and 4 passages respectively. Fo 
lung lesions resulted. 

Except where otherwise stated the mice used in these experiments were 
carefully chosen to ensure that they were themselves free from catarrh and 
came from animal boxes containing no mice with signs of the infection. Tiio 
mice were used at 15-20 g. in weight. Intranasal inoculation was performed 
under ether anesthesia and the dose was usually 0-06 c.c., but in the control 
experiments with sterile broth O-l c.c. was given. As a routine after inoculation 
mice were kept imder observation for 10 days before being killed by chloroform. 
Their lungs were removed and examined and approximately 10 per cent, 
suspensions were made in a mixture of equal parts of nutrient broth and 
phj'siological saline. Suspensions were centrifuged for 3 minutes at 2000 r.p.m. 
and the supernatant used for inoculation of fresh batches of mice. 


Catabrh of the upper respiratory tract and the 

PRESENCE OF A FNEUMOFOA-FRODUCINO AGENT 

Catarrli of the upper respiratory tract in mice is readily recognised. 
The mice sniff and snort and frequently rub their noses and their 
breathing is sometimes attended by a bubbling sound which can be 
heard 'on auscultation. The condition does not improve, at least 
during observation for two to three months, nor is it fatal during this 
period. Otitis media, often bilateral, is a frequent complication. 
The disease appears to be similar to the infectious catarrh described 
by Nelson. Infectivity by direct contact was repeatedly demonstrated. 
In a typical experiment three infected mice were introduced into a 
population of 50 normal mice. At the end of two months all but 2 
of these showed' signs of catarrh, the first having become affected 
after about threfe weeks’ exposure. No signs of catarrh were present 
in a similar control group. 

Of 105 mice suffering from catarrh and inoculated intranasally 
with sterile broth, 36 {34-3 per cent.) developed pneumonia. In 
particular experiments the incidence was even higher— for example, 
of 14 mice recently infected by exposure to mice with catarrh, 9 
(64*3 per cent.) developed lesions. These results are in marked contrast 
to those which followed inoculation of normal mice without signs of 
catarrh. As already noted, at least 250 control mice were inoculated 
without a single lesion. It is probable that in most of the animals the 
pneumonia resulted directly from the inoculation, although Nelson has 
sho-^m that pneumonia may occur spontaneously as a late complication 
of infectious catarrh- The catarrh was a very recent infection in most 
of the animals used in these experiments, but in a few animals which 
had shown signs of catarrh for a longer time it was noted that the lung 
lesions looked older and might have been present before inoculation. 
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An agent Tvas present in the lung lesions capable of producing 
pneumonia and transmissible in series. It was recovered from one 
lung lesion and 6 serial passages were made, each with lung suspension 
inoculated intranasally. Infeotivity of lung suspensions was main- 
tained during storage at —70° C. The agent was also demonstrated 
in the snouts of mice suffering from catarrh, whether or not lung 
lesions had been produced by the inoculation of broth. In either 
case suspensions of the tissues of the nasal cavities and accessory 
sinuses produced pneumonia after inoculation intranasally into 
batches of normal mice. 

PNEtraiONiA-PBonnciNa aoent isolated from 

SCRUB TYPHUS SEED 

During the routine passage of a strain of R. orientalis it was 
occasionally noted that inoculated mice, when due for harvesting, 
were not as ill as usual and that their lungs showed circumscribed 
areas of consolidation similar to those produced by the agent present 
in mice with catarrh. These lesions appeared in mice inoculated with 
material containing comparatively few viable rickettsi®. Suspensions 
of affected lungs were made in a mixture of equal parts of nutrient 
broth and physiological saline and passed to groups of mice immedia^ely 
and after storage for three days at -)-4° C. From material that had 
been passed immediately R. orientalis of full infectivity was recovered 
after a few serial passages, but repeated passage from material that 
had been stored in the cold showed that it had been freed of viable 
rickettsise, for in the course of 10 serial intranasal passages at 10-day 
intervals none of the animals died and lung lesions were circumscribed 
and unlike those due to R. orientalis. At five of these passages material 
was injected intraperitoneally into mice ; the animals remained alive 
and well, free from evidence of typhus. Destruction of R. orientalis 
in the seed in this experiment by storage in the cold may have depended 
on a high concentration of carbon dioxide accidentally present in the 
refrigerator at the time. In subsequent experiments rickettsise were 
not completely destroyed by storage at -f 4° C. for three days. 

Properties of the pneumonia-producing agents 

The properties of the agents isolated from mice with catarrh and 
from scrub typhus seed were studied. No significant differences were 
detected and in the following description both are considered together. 

The strains were maintained by serial passage at 10-day intervals ; 
virulence was not increased by passage at 4-day intervals. The 
proportion of takes among 'inoculated mice was irregular and ranged 
from 30 to 100 per cent. In addition to pneumonia the mice showed 
evidence of upper respiratory catarrh which was usually noticed first 
about the tenth day after inoculation. Catarrh was commoner in 
mice inoculated with the strain recovered from the scrub typhus seed. 
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Certain infections due to pleuropneumonia-like organisms have 
been favourably influenced by organic gold compounds (Findlay, 
Mackenzie and MacCallum, 1940 ; Sabin and AVarren, 1940). Because 
the mouse pneumonia agents were believed to be plouropneumonia- 
like organisms, the action of two such compounds, Lopion and 
Myocrisin, was tested (table II). AAbth one exception— a mouse 

Tabus II 


Summary of results of chcmotherapexUic experiments 


CUcmothcrapcuttc 

drug 

. 

Dosage and method of administration 

Source of pneumonia 
agent 

Proportion of 
mice with lung 
lealotis 


Treated 

mice 

Control 

mice 

Sulphathiazolo 

15 mg. intrnporitoneally before 
inoculation and on 3rd and 
5th days nftenvards 

Upper respiratory 
catarrh 

5/12 

(3/11 


1 per cent, incorporated in food 
throughout experiment 

f* 

4/12 

t* 

15 mg. intraperitoneally before 
inoculation and on 3rd and 
6th days afterwards 

Scrub typhus seed 

6/C 

■8/S 


1 per cent, incorporated in food 
throughout experiment 

9» 

7/8 

Lopion 

2 mg. intraperitoneally, once 
daily 

Upper respiratory 
catarrh 

0/9 

I 2/9 


2 mg. intraperitoneally, twice 
daily 

0-1 mg. intraperitoneally, once 
daily 

♦ > 

0/8 

Myocrisin 

t* 

1/10 

j-4/lO 

»S 

0-1 mg. intraperitoneally, twice 
daily 

»> 

0/10 


given 0-1 mg. of Myocrisin only once daily — the animals to which 
the gold compounds were administered did not develop pneumonia. 
However, in these experiments the proportion of untreated mice iu 
the control groups showing lesions was unfortunately small. In 
another experiment 8 mice suffering from catarrh were inoculated 
intranasaUy with sterile broth and treated with 2 mg. of Lopion 
injected intraperitoneally twice daily. None developed lung lesions, 
although there were 3 with lesions in a similar inoculated group of 
mice uith catarrh to which Lopion was not administered. These 
results suggest that the mouse pneumonia agent was sensitive to the 
two organic gold compounds tested, although to establish this more 
tests are required with inoetda of greater infectivity. 

In attempts to demonstrate immunity mice were given a scries of 
tliree intraperitoneal injections (0*5, 0*5 and 1>0 c.c.) of fresh lung 
suspensions at weekly intervals. Ten days later they were challenged 
by intranasal inoculation of an undiluted infective suspension. 
Groups of mice were vaccinated with each agent and tested for 
immunity against both. The results are shown in table HI. Lung 
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lesions occurred in the vaccinated mice, hut their incidence was 
suggestively reduced, thus confirming the results of Pearson (1942). 
Unfortunately the suspensions of the agent recovered from mice with 

Tauix m 


Rcsulls of an experiment to produce active iminimily 



Incidence of legions 

Source of ogent 

Vaccinated nIUi apent 
Ihim upjwr reiplratory 
tract catarrh 

VacclnAt4>'d ^\lth agent 
fkom setuh tyrhu4 seed 

Non-^’acclnatcd control 

Uppep rospipntorj* 
tract catarrh 

4/18 {22-2 per cent.) 

2/10 (10-6 per cent.) 

6/20 (30*0 per cent.) 

Scrub Ij’phiia seod 

8/19 (42-1 percent.) 

0/10 (31*6 per cent.) 



catarrh were of low infectivity, so that the incidence of lesions in the 
control group was small. This lower infectivity may also have 
explained the lower degree of immunity produced against this agent. 
The results failed to reveal any serological dilforence between the 
two agents. 

PbESEKOE of INTBAOEIitlliAR BODIES 

Impression films from the out surfaces of consolidated portions of 
the lungs wore examined after staining by the method employed for 
the demonstration of R. oriental^ (Buckland ct ah). Later, a 
modification of this method suggested by Major A. Honderson-Begg, 
R.A.M.C., was used. After heat-fixation the film was treated with 
A'/HCl for 2 to 3 minutes at 68-00° C. It was then stained with 
1 : 2000 Unna’s neutralised polj'chromo methylene blue for 45-90 
seconds. In many of the polymorphonuclear loucooytes small stained 
bodies were seen. In different films the proportion of cells showing 
the bodies varied, and also the distinctness with which the bodies 
stained ; sometimes they were more obvious in one part of the film 
than another, but they were present in all the films examined from 
lung lesions resulting from the inoculation both of the agent recovered 
from mice with catarrh (fig. 3) and of that recovered from the scrub 
typhus seed (fig. 2). They were also found in consolidated lung result- 
ing from inoculation of cultures of pleuropneumonia-like organisms 
isolated from lesions (fig. 1). There was no apparent difforenco in the 
appearance or arrangement of the bodies in the different types of 
matorial. The number of bodies in a cell varied : sometimes they were 
scanty but in other cells the whole cytoplasm was crowded with them. 
Frequently they were found in pairs, the distance between the paired 
bodies varying ; rarely they occurred in short chains. When numerous 
in a cell they were usuall3- distributed throughout the oj'toplasm, but 
they were sometimes arranged in groups. Very rarely rosettes wore 
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found (fig. 1). Tile bodies were small and round ; elongated bacillan* 
elements were not seen. Oceasionall^* larger round swollen fonns 
were found (fig. 3). Ti-pically the bodies were confined to poly- 
morplionuelear leucoc 3 -tes, but occasionally mononuclear cells showed 
numerous granules with the appearance of these bodies. In addition 
to the intracellular bodies there were numerous similar bodies lying 
extraceUularlj-. Cells showing these intracellular bodies were also 
found in films made from pus from the middle ears of mice suffering 
from catarrh. In such material extracellular granules were particular!}' 
numerous, but it was possible that some of these resulted from cellular 
degeneration. 

Nelson (1937, p. 843) has stated that the infective agent responsible 
for infectious catanli can be demonstrated as cocco-bacillar}' bodies 
stainable by a modification of Gram’s stain. Using Nelson’s staining 
method, in wliich a 1 : 4 dilution of Ziehl-Neelsen’s carbol-fuchsin 
is applied for a few seconds as a counterstain in Gram’s staining 
method, it was confirmed that both intra- and extracellular bodies 
could be demonstrated. With this stain some of the bodies were 
bacillary in shape. Improved results with Gram’s stain were obtained 
by treating the films -with waxm acid as in the methylene blue method ; 
this gave greater clarity to the cytoplasm. 

Films were also stained by Maccliiavello’s method. No inclusion 
bodies similar to those 'produced by the mouse pneumonitis virus 
of Nigg and Eaton were found. The intracellular bodies already 
described were poorly stained and were blue. 

Isolation of phuropnetimonia-like organisms 

Strains of pleuropneumonia-like organisms have been repeatedly 
isolated from the noses and middle ears of mice suffering from catarrh 
and from the lung lesions produced by the tw'o pneumonia agents. 

A special medium was employed. The base was ox-heart infusion 
broth, adjusted to pH 8'0, with the addition of 1 per cent, peptone. 
For solid media 2 per cent, of agar w'as added. Broth or nutrient 
agar should not have been stored longer than 3 montlis. The final 
medium was prepared by adding to the base 10 per cent, of a freshly 
prepared yeast extract and 20 per cent, of horse serum and adjusting 
the reaction to pH S-0. The yeast extract was made by adding 50 g. 
of brewer’s yeast to 200 c.c. distilled water and boiling until frothing 
ceased. The extract w'as sterih'sed by Seitz filtration. The addition 
of yeast extract to the medium followed observations on the growth 
of pleuroj)neumonia-lUce organisms isolated from the human genital 
tract. Without yeast extract growth was irregular, depending on the 
batch of serum used, whereas its addition gave consistently good 
growth. 

No successful isolation of these pleuropneumonia-like organisms was 
obtained on plates, using the same technique as that by which strains 
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PlfcATE XXIV 


PLEUROPNEraiOMA LIKE OKOAKlSMS IV MICE 



FI0 1 — Impression film from 
consolidnted lung resulting from 
nnsnl instillation of n culture 
of pleuropneumonia like 
organisms 'Mnnj intracellular 
and evtracellulnT bodies m one 
ceil (centre) arranged as a 
rosette X 1000 


1 ir 2 — rdm from liiiig lesion 
I rodticed by an agent isolated 
from SCI lb tjplius seed Mnnj 
pured intraeillular bodes 
X 1000 




I lo 1 — Film from lung lesion 
produced bj an agent rcco\ ered 
from mice a itli catarrh Typical 
intracellular bodies a few of 
Mhieh are swollen into larger 
globoid bodies x 1200 
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from the human genital tract were regularly isolated ; in particular, 
precautions were taken throughout to prevent drying of the plates. 
Isolation of pleuropneumonia-like organisms was possible only by 
using broth or sloppy (0-3 per cent.) agar (Beveridge, 1943) for the 
primary culture, altliough subcultures of several strains have given 
surface colonies on plates. This failure to obtain growth on plates in 
primarj^ culture confirms my previous findings (Edward). From pus 
from infected middle ears and from consolidated lung tissue the 
organisms were isolated pure by direct inoculation of broth and 
sloppy agar. Pure cultures were obtained from the noses of mice 
with catarrh by using a selective medium containing bacteriostatics.* 
An alternative successful method for obtaining pure cultures from 
material from the nose was to make cultures from serial tenfold 
dilutions. Bacteria grew in the lower dilutions but frequently pure 
cultures of pleuropneumonia-like organisms were obtained in the 
higher dilutions. Broth cultures show'ed either a slight uniform 
turbidity with a fine deposit, or a nearly clear supernatant with a 
granular deposit. On plates the surface colonies were typical of the 
group of pleuropneumonia-like organisms. The strains were obligatory 
aerobes and in sloppj' agar gave visible growth only in the uppermost 
centimetre of the medium. Andrewes and Welch (1946) noted that 
certain strains of pleuropneumonia-like organisms isolated from mice 
•exhibited a peculiar type of motility. Two of the strains isolated in 
this investigation were kindly examined by Mr F. V. Welch ; neither 
was motile. 

A number of strains were tested for pathogenicity by intranasal 
moculation of mice. In some of these experiments signs of catarrh 
of the upper respiratory tract and lung lesions resulted from the 
moculation of cultures. For example, of 10 mice inoculated intra- 
uasally with the first subculture of one strain after 10 days’ growth 
m an artificial medium, three developed catarrh and three others 
pneumonia. Seven days later the fifth subculture caused pneumonia 
m all of 9 mice inoculated, one having signs of catarrh as well. A 
1 : 20 dilution of this subculture caused lesions in 7 out of 10 mice. 
The third subculture of another strain produced lung lesions in 6 out 
of 10 mice, one of the mice exhibiting signs of catarrh. Intranasal 
moculation of the first subculture of another strain after it had been 
1 days in artificial culture caused signs of catarrh in 7 and a lung lesion 
m one out of 10 mice. In another experiment the first subculture of a 
strain was without effect, but the third subculture, representing a 
10,000-fold dilution of the original subculture, produced catarrh 
m 3 out of 10 mice, although none had lung lesions. In these experi- 
ments as well as in those in which the mouse pneumonia agents were 


To sloppy agar and broth 1 : 2000 tbnllitim acetate and about 100 units of penicillin 
of T^ ' added. Solid media contained 1 : 8000 thallium acetate, and 2 drops 
^ solution (1000 units per ml.) were spread over the surface of half the 
Plate (Edvratd, 1947). v / i 
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being passaged, where the proportion of mice affected by pneumonia 
and by catarrh was low, the mice showing signs of catarrh were 
usually those without lung lesions. 

Discussion 

^ Catarrh of the upper respiratory tract is common among laboratory 
mice ; it has been found in every one of several stocks examined. 
Usually it affects a high proportion of the animals, which is not 
surprising in view of its high infectivity. The low incidence in the 
stock of mice used for the present investigation was probably due to 
a strict policy of eradicating any mice with signs of catarrh. The 
condition does little to interfere with general health unless pneumonia 
supervenes, increasing mortality among the older animals. For most 
experimental purposes the employment of infected animals is thus 
of little consequence ; it is when mice are used for intranasal 
inoculation that the infection becomes important. In the present 
investigation, for example, when affected animals were inoculated 
intranasally with sterile broth more than a third developed pneumonia 
which was transmissible in series. 

In virus investigation it is now well recognised that latent infections 
in the experimental animal with viruses or pleuropneumonia-like 
orgam'sms are important as a frequent source of error in the inter- 
pretation of results. Several infective agents capable of producing 
pneumonia have been encountered in passage through mice. The 
presence of pleuropneumonia-h'ke organisms is associated with one 
type of pneumonia (Sullivan and Dienes, 1939; Edward, 1940) and 
my present observations suggest that tliis is acquired from mice 
suffering from catarrh of the upper respiratory tract. By avoiding 
the use of such animals and their contacts, it is possible to escape 
the difficulties connected with this tjpe of latent infection. It would 
be useful to discover if other apparently latent infections that have 
complicated virus investigations are also associated with an3^ symptoms 
or signs of disease in their natural hosts. Eor virus research the ideal 
would be stocks of animals as far as possible free from all latent infec- 
tions, just as uncontaminated nutrient media are essential for the study 
of bacteria. Stocks of mice should therefore be examined for the 
presence of upper respiratory catarrh and colonies built up and main- 
tained free of the disease by eliminating all animals with signs of catarrh. 
Parenteral injection of organic gold compounds such as Myocrisin and 
Lopion may apparently prevent infection and this suggests a way in 
which the disease might be combated on a small scale. An attempt was 
made to free the strain of i?. orientalis of the contaminating agent by a 
few serial passes in mice which received dailj'’ injections of these drugs. 
Preliminary tests suggested that this proceeding had been successful , 
unfortunately the investigation had to be terminated before it could 
be proved that the strain of E. orientalis had been purified. 
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Contamination of R. orientalis with the mouse pneumonia agent 
probably arose from passage in mice with a high incidence of catarrh. 
There was no evidence that the contamination interfered with the 
manufacture of scrub typhus vaccine, since the agent was apparently 
non-pathogenic for cotton rats and did not diminish the virulence 
of R. orientalis for mice. Its presence was probably of practical 
importance only when the liistology of the mouse lung was studied ; 
for the intra- and extracellular cocco-bacillarj' bodies are easily 
mistaken for small forms of rickettsise. The histological appearances 
of the consolidated lung resulting from inoculation of the agent alone 
have already been described (Edward, 1940). 

The stainable bodies in the exudates, which were demonstrated 
both extracellularly and within the leucocytes, resembled the cocco- 
bacillary bedies which Nelson regarded as the letiological agent of 
infectious catarrh. Nelson obtained growth of these bodies in tissue 
culture but not in artificial media. In the present investigation 
strains of pleuropneumonia-lilce organisms have been isolated from 
infective material on numerous occasions and subcultures have 
reproduced the disease in mice, giving rise to both catarrh of the 
upper respiratory tract and pneumonia. The evidence points to these 
orgam'sms as the cause of the catarrh. It is difficult to believe that 
a virus was also present in the cultures, persisting through several 
subcultures in spite of much dilution and surviving 2 weeks or more 
at 37° C. In one experiment there was evidence of multiplication 
in culture. The diminished incidence of infection that resulted from 
the use of organic gold compounds is suggestive confirmatory evidence, 
since a number of experimental diseases caused by pleuropneumonia- 
like organisms are susceptible to these drugs. 

The finding of intracellular bodies in association with the presence 
of pleuropneumonia-like organisms is of interest and suggests search 
for similar bodies in pus cells from other conditions possibly due to 
pleuropneumonia-lilce organisms, such as non-specific urethritis in 
man (Beveridge). The staining method described in this paper should 
be of value if such a search were undertaken. 

It is of interest that attempts at primary isolation of the organisms 
on plates failed but that culture in fluid and semi-solid media was 
successful, for most investigators have relied on surface plating. In 
any search for plemropneumonia-like organisms in diseases of unknown 
setiology, it would appear that material should always be cultured in 
fluid or semi-solid media as well as on plates. If bacteria are also 
present in the material, this will necessitate the use of appropriate 
selective media. 

Catarrh of the upper respiratory tract is extremely common in the 
wliite laboratory rat, and Nelson (1942) has brought forward evidence 
that tills disease is the same as or similar to infectious catarrh of mice. 
In exudates from the rat disease he demonstrated cooco-baoillary 
bodies which produced upper reqiimtory tract catarrh in mice, and 
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THE CYTOPLASMIC BASOPHILIA OF 
BONE-ILARROW CELLS 

J. C. White 

From ths Department 0/ Pathology, the British Postgraduate 
Medical School, Hammersinith, London 

(Plates XXV-XXVin) 

The purpose of this paper is to describe observations on the cytoplasmic 
and nucleolar basophilia of young bone-marrow cells, utilising the 
oj’tochemical test of Brachet (1940, 1942, 1945) for ribonucleic acid. 
Films and sections of human marrow obtained by sternal puncture 
in health and in various pathological conditions form the material. 

It has been clear for some time that the older division of the 
nucleic acids into distinctive animal and plant forms, localised in the 
cell nuclei (Jones, 1920a) is inadmissible. Jorpes (1928, 1934) studied 
the nucleic acid and nucleotide fractions isolated from the pancreas 
and obtained evidence for the presence of ribonucleic acid (pentose 
nucleic acid) as well as deoxyribonucleic acid (thymus or am'mal 
nucleic acid). More recently, extensive work by Davidson and 
Waymouth (1943, 1944o) in this country has demonstrated the 
widespread occurrence of ribonucleic acid in embryonic and adult 
animal tissues, particularly the former, and in rapidly growing tissues. 
The products of acid hydrolysis differ in the two types of nucleic 
acid. Deox 3 uibonucleic acid yields the piu-ine bases guanine and 
adenine, the pyrimidine bases cjrtosine and thymine, phosphoric 
acid and 2-deoxyribose, whereas the ribonucleic acid obtained from 
yeast yields guanine and adenine, cytosine and uracil, phosphoric 
acid and the pentose, d-ribose. 

The localisation of the two nucleic acids in the cell has been the 
object of a good deal of study and several techniques have been 
utibsed. The Feulgen reaction has been used for the localisation 
of deoxyribonucleic acid within the nuclei of plant and animal cells 
(Feulgen and Rossenbeck, 1924), although the interpretation of the 
test has been criticised by Stedman (1944). Ribonucleic acid localisa- 
tion has been chiefly studied by Caspersson and his school in Sweden, 
and by Brachet and other Belgian workers. Dempsey and Wislocki 
(1946) have reviewed American contributions. 

Caspersson (1936, 1940) has utilised the ability of nucleic acids to 
absorb strongly ultra-violet light in the 2573 A region, due to the 
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presence of pyrimidine rings in the nucleotides of the molecule. Using 
ultra-violet light with the quartz microscope, he has photographed 
cells in which strongly absorbing areas are considered to indicate the 
presence of nucleic acids. If control preparations show these areas to 
be Feulgen-negative, the acid is assumed to be of the ribonucleic type. 

The method developed by Braehet is a cytochemical test for 
ribonucleic acid, depending on the power of the enzyme ribonuclease 
to depolymerise the acid to more diflFusible nucleotides ; deoxyribo- 
nucleic acid is not affected. It has been found that jn sections of 
many tissues strongly basophilic areas are demonstrable which stain 
strongly with basic dyes such as toluidine blue or the pyronin of the 
Unna-Pappenheim pyronin-methyl green mixture (see Gatenby and 
Painter, 1937). Failure of such areas to stain after treatment of the 
section with a purified preparation of ribonuclease indicates removal 
of ribonucleic acid through the action of the enzyme. 

Ribonuclease was discovered by Jones. (19206) but aroused little 
interest until the observations of Dubos and MacLeod (1937) on the 
presence of an enzyme in polymorphonuclear exudates which could 
remove the Gram-positive layer of pneumococci led to isolation by 
Dubos and Thompson (1938), in partially purified form, of an enzyme 
with the power to remove the Gram-positive staining property of 
pneumococci and specifically to attack ribonucleic acid. Kunitz 
(1940) isolated the same enzyme in pure crystalline form and in- 
vestigated its properties. He found it to be a readily soluble protein 
of molecular weight 13,000-15,000 and able to depol 3 Tnerise ribonucleic 
acid to readily diffusible nucleotides of lower molecular weight, but 
without any liberation of free phosphoric acid. The enzyme has an 
optimum activity at 77° C. and at pH 7-7, and possesses a high degree 
of heat stability, being able to withstand 3 minutes in the boiling 
water bath with only partial loss of activity. Dubos and Thompson 
found that the enzyme had no effect on a number of animal proteins 
or on polysaccharides. Davidson and Wajnnouth (19446) found 
purified liver ribonucleic acid to be a specific substrate for it. There 
is some evidence, however, that it may be capable of attacking histones 
(Cohen, 1945). This last observation suggests caution in interpreting 
the results of the cytochemical test, particularly as Caspersson (1940) 
and Stedman (1944, 1945) consider Mstones to be important nuclear 
constituents, and the former author considers synthesis of liistones to 
be an important function of the nucleolar apparatus (Caspersson and 
Schultz, 1940). However, it is unlikely that the basic histones will 
take up basic dyes strongly in the way that ribonucleoproteins 
appear to do. 

The techniques described have provided evidence for the %vide- 
spread occurrence of ribonucleic acid as a cytoplasmic constituent 
and often as a nucleolar constituent, particularly in young and 
actively growing cells. Davidson and Waymouth (1944c) have 
demonstrated the presence of deeply basophilic material in the 
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Plate XXV 


Young cells rno^r nohmal hu»ian sternal siarrow 
(Punctiu« biopsj) 

Draun from oil unmersion examination 



Fig 1 Tig 2 Fio 3 Tie 4 


Fio 1 — ^HTmocytoblast, 17 /z Fig 2 — ^Myeloblast I'iO/z Fir 3 — Pro erythroblast, 11 5 /iz 

Fig 4 Pro myelocjto, 19 2 /z Film dned m air and stained by Jenner Gieinsa Cyto 

plasmic and nucleolar basophilia indicated by shades of blue 



Fig 6 Fio 6 iio 7 


Fig 5 — ^Hremocytoblast Fra 0 — ^Pro erythroblnst, 9 3 ;z Fio 7 — ^Mjeloblast Film a\ot 
fixed m Susa and stained by pjTomn methyl green Cytoplasmic and nucleolar basophilic 
material stained red 



Fio 8 Fio 9 Fio 10 


Fig 8 — H’cmocytoblast 1 ig 9 — Pro cry tbroblnst, II 7 ^ Fia 10 — Promyelocyte I ilm 
•wet fixed in Susa, subjected to action of nbonucleaso and stained by pyronm methyl green 
Loss of basophilia shown by failure of pyronm to stain cytoplasm and nucleoli Methyl 
green still stnms the nUclcar and nucleolus nssociate<l cliromntm 



Fig 11 Fio 12 Fic 13 

Fig 11 — HTmocytoblnst 0 9 /z Fic 12 — Pro cry throblnst, 0 3 ;z Fic U — HTinocy toblnst 
Pics 11 and 12 — brom film wet fixed m Susa and stained by pyronm metliyl green after 
1 hr nt 37° C in water at pH 7 8 Fio 13 — From similar film subjected to nbonucleaso 
for 1 hr at 37° C and pH 7 8, show mg tbo loss of basophilic maternl 
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Fig. 14.- — ^Hasmocytoblast. Figs.. 16 and 16. — ^Pro-erythroblasta. Fio. 17. — ^Pro- 
myelocyte. Fig. 18. — ^Myeloblast. Film wet-fixed in Susa, stained by pyronin- 
methyl green after 1 hr. at 37° C. in water at pH 7‘8. Cytoplasmic, and nucleolar 
basophilic material stains with the pyronin. 

Figs. 19 and 20. — Hsemooytoblasts. Fig. 21. — ^Pro-erythroblast. Fio. 22. — Myelo- 
blast. Fig. 23. — Early erythroblast. Film similar to above, but subjected to 
action of ribonuclease for 1 hr. at 37° C. and pH 7*8. Nuclear and nucleolus- 
associated chromatin stains with methyl green, but the cytoplasm and central 
areas of nucleoli no longer stain with pyronin. 

Fig. 24. — ^Film wet-fixed in Susa and stained by p 3 T:onin-metbyl green. Htemooytoblast 
(on right) and megaloblasts show cytoplasmic and nucleolar basophilia. 

Fig. 26. — Similar film heated at 37° C. in water at pH 7*8 prior to staining. The baso- 
philia is reduced but still evident. 

Fig. 26. — Similar film subjected to action of ribonuclease for 1 hr. at 37° C. and pH 
7'8 prior to staining. The hjemooytoblast (upper left comer) and megaloblasts 
now show loss of basophilic material from cytoplasm and nucleoli. The annular 
nucleolus-associated chromatin stains with methyl green. 
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cytoplasm of parenchymal liver cells of the human foetus and adult 
rat which is removable by the action of crystalline ribonuclease. 
Brachet (1942) has described the results of his cytoohemioal test as 
applied to the red bone marrow of various mammals and amphibians, 
and finds, with the pyronin-methyl green stain, that myeloblasts and 
erythroblasts possess strongly basophilic cytoplasm, the basopliilia 
being lost after the action of ribonuclease. He also describes the 
nucleoli of the young cells as basophilic, but as losing this property 
after the enzyme treatment. He considers the results to indioate 
the presence of ribonucleic-acid concentrations in the cytoplasm and 
nucleoli of the yoimg cells and that, as development proceeds, the 
acid diminishes considerably in amount. He finds that, in general, 
a high degree of cytoplasmic basophilia and a high ribonucleic acid 
content are characteristic of young and actively groiving cells, and 
believes that this embryonal character closely relates the ribonucleic 
acid to capacity for cell proliferation and protein formation. 

Thorell (1944) has carefully studied the bone marrow in rats, using 
the ultra-violet quartz microscope technique of Caspersson, and finds 
evidence for the presence of large quantities of “ ribose nucleotides ” in 
the cytoplasm of young members of the red cell and granulocyte series. 
He also finds the nucleoli to contain much “ ribose nucleotide ”, which 
diminishes as maturation proceeds, with accumulation of Feulgen- 
positive nucleolus-associated chromatin in their neighbourhood ; the 
disappearance of nucleoli occurs earlier in the red cells than in the 
granulocytic series. This author, and Caspersson and Schultz, regard 
the nucleolus-associated chromatin as of great importance in the 
synthesis of cytoplasmic ribonucleoproteins, and responsible for the 
accumulation of histones in the nucleolus. They consider it likely 
that the nucleolus-associated chromatin is s imil ar to or identical 
with the heteroohromatin of Heitz (1929), formerly thought to be 
inert. The nucleoli are developed to a maximal extent in the youngest 
cells and with subsequent maturation rapidly disappear, leaving a 
Tenlgen-positive area at their site. 

Dustin (1942, 1944) has studied the reticulocytes of mammals, the 
punctate basophilia of red cells in lead poisoning and amphibian 
erythrocytes, and finds the basophilic material in these cells to contain 
ribonucleic acid. Van den Berghe and Hoffman (1945) have reported 
the presence of ribonucleic acid in the granules of polymorphonuclear 
leucoojdes. 

Material and methods 

Specimens of red marrow were obtained by sternal-puncture biopsy from 
6 indmduals in normal health and 19 patients with various pathological 
conditions namely : — 

0 normal individuals (2 males, aged 18 and 48 ; 4 females, aged 23, 30, 31 
and 35), 

2 cases of idiopatliio microcytic hypochromic onxmia (females, aged 44 
and 40), sternal biopsies were performed before and after iron therapy. 
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2 cases of microcytic hj'poehromic ansemia secondary to chronic h®mor- 
rhage (male, aged 30 ; female, aged 38). 

1 case of normocytic normochromic ansemia of pregnancy, with pyelitis 
(female, aged 20). ^ 

1 case of familial hfemolytic anaemia (female, aged 24). 

1 case of pan-myelophthisis (male, aged 66). 

1 case of leuco-erythroblastic ansmia (female, aged 61). 

3 cases with miscellaneous conditions in which erythropoiesis was of normo- 
blastic type : — 1 case of pyrexia, under investigation (male, aged 13) ; 1 case of 
infectious mononucleosis (male, aged 7), tibial puncture performed ; 1 case 
of hUar lymphadenopathy, imder investigation (female, aged 42). 

1 case of chronic myeloid leuksemia (female, aged 74). 

7 cases with pernicious anaemia and other conditions with megaloblastic 
hyperplasia of the bone marrow : — 2 cases of advanced pernicious anfemia 
(males, aged 57 and 76), sternal biopsies before and after parenteral therapy 
by purified liver extract in both cases ; 1 case of pernicious anaemia in relapse 
(female, aged 76), sternal biopsies before and during therapy by a crude liver 
extract ; 1 very early case of pernicious anaemia (female, aged 58), sternal 
biopsies before, during and after oral therapy by folic acid ; 1 case of very 
advanced pernicious ansemia (male, aged 63), sternal biopsies before, during 
and after oral therapy by folic acid ; 1 case of tropical sprue with macrocytic 
megaloblastic antemia (male, aged 36), sternal biopsies at onset of and during 
therapy with yeast extract ; 1 case of macrocytic megaloblastic anaemia of 
pregnancy (female, aged 29), sternal biopsy before and after parenteral therapy 
by purified liver extract. 

In each case films and sections were used. An air-dried film stained by the 
Jenner-Giemsa method aided recognition of cell types. Freshly made wet 
films were placed immediately in Susa fixative (Heidenhain, 1916, quoted by 
Romeis, 1932) and allowed an optimum of three hours’ fixation. Three films 
(a, h, c) were taken in each case and treated as follows : — 

(1) All three films were washed, treated with Gram’s iodine and hypo to 
remove mercury, and well washed in running tap water. 

(2) Film (o) was left in tap water. Film (6) was placed in a solution of 
pimified ribonuclease maintained at 37° C. for 1 hour ; the ribonuclease was 
dissolved in distilled water to give a concentration of about 0'5 mg. per ml. 
and the solution buffered to pH 7"8. Film (c) was placed in distilled water 
buffered to pH 7'8 and maintained at 37° C. for 1 hour as a control. 

(3) The three films were then thoroughly washed in rvmning tap water, 
then with distilled water, and stained for 1 horn in a variation of the Unna- 
Pappenheim solution of the following composition ; 


Pyronin G or Y (Griibler) . . . . O-S g. 

Methyl green (Griibler) ..... 0-7 „ 

Glycerin ....... 20 c.c. 

Absolute ethyl alcohol ..... 2-6 „ 

0-5 per cent, phenol in distilled water to . . 100 „ 


The constituents are mixed in a mortar to dissolve them and the solution 
boiled for 2 minutes and filtered. _ 

(4) Films were then rinsed in distilled water, blotted, taken rapidly througn 
absolute alcohol, cleared in xylol and mounted in Gurr’s neutral balsam. 

Films dried in air prior to Susa fixation were found less satisfactory for tne 
preservation of ceUular detail and more resistant to the action of ribonuclease, 
particularly in the case of the erythroblasts. , 

Histological sections were prepared from the marrow samples by a metnoa 
recently described (Write, Baker and Griffin, 1946), but tissues were fix 
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initially in Susa solution for 1 hr.» centrifuged, dehydrated in the alcohols and 
treated with chloroform (^-1 hr.)» then post-fixed (Leach, 1945) in methyl 
alcohol for 12-16 hrs. before proceeding with double embedding in celloidin and 
paraffin. 

Three sections were taken in each case and treated in exactly the same way 
as the films. The cytoplosmic basophilia of the marrow cells, particularly in the 
youngest forms, was revealed by clear red staining by 'the pyronin in the films 
and sections left in tap water. The nucleoli of the j^oung cells also stained 
bright red with the pyronin. In the control films maintained at 37® C. in water 
at pH8, a diminution of C 3 rtopla 8 mic and nucleolar basophilia was usually 
apparent. In the films and sections treated with the enzyme, however, cyto- 
plasmic and nucleolar basophilia was either completely abolished or very 
considerably reduced, the reduction being in all cases much greater than in the 
controls (figs. 5-33). 

Susa fixative gave the best results in these preparations, and the pyronin- 
methyl green mixture of the composition described gave the optimum brilliance 
of staining to basophilic material. Formol-bichroraate, Schaudinn, Zenker- 
formol and methyl alcohol-formol fixatives gave indifferent results, but the 
fixative described by La Cour (1944) was quite successful. 

The purified ribonuclease was prepared from fresh ox pancreas by the 
method of Kunitz ; the product was readily soluble in water, and salt-free. 
It readily attacked solutions of yeast ribonucleic acid at the hydrogen ion 
concentrations utilised in these experiments, the precipitability of the acid by 
N/10 hydrochloric acid being very greatly reduced after incubation for 1 hr. at 
37® C„ while control tubes with water at the same pH showed no change in the 
precipitability of the acid. Deoxyribonucleic acid prepared from ox spleen 
was not attacked by the enzjTne. It was further found that the action of the 
enz 3 mie on yeast nucleic acid and its efBcacy in removing the basophilic 
components of the marrow cells was only slightly reduced by heating the 
enzyme for 3 minutes in the boiling water bath at pH 4*6, treatment which 
would certainly destroy most enzymes. After the action of the enzyme, the 
methyl green still stoins the nucleus, and little change is revealed in this 
structure apart from the failure of the nucleolus to take up pjronin. Bracket 
(1942) regards methyl green as an elective stain for deoxyribonucleic acid in 
chromatin. In view of the clear-cut removal of the basophilic areas without 
effect on other structures by the enzyme (even after heating the enzyme at 
100° C.), it appears very probable that these areas contain ribonucleic acid. 

The cytochemical tests were carried out at a number of hydrogen ion 
concentrations between pH 6*0 and pH 8*0, the most clear-cut results being 
obtained between pH 7*2 and 7-8. The diminution of cytoplasmic basophilia 
in the controls heated at 37® C. in water has been noted by Bracket (1942), 
and ho states that it varies in different tissues. The effect may be due to the 
solubility of ribonucleic acid or ribonucleoproteins in slightly allcaline media, 
but it is always much less marked than the result of the enzyme action. 

No advantage was found in prolonging the period of enzyme action over 1 
hour, loss of basophilia being maximal in this time and preservation of cytological 
detail good. (See addendum, p. 234.) 


. Results 

The majority of parenchymal cells of human red marrow are 
developing Ted cells or granulocytes, with oharaoteristio hsemo- 
globinisation or granulation of the cytoplasm. A small number of 
cells are regularly found which are the earliest recognisable members 
of these two series — the pro-erythroblasts and the myeloblasts 
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respectively (Rastelli, 1943). Both ceU types have deeply basophilic 
cytoplasm, and in addition a smaller number of rather large, basophilic 
cells are found which caimot be definitely assigned to either series— 
the hffimocytoblast (Maximow, 1927 ; Turnbull, 1936 ; Ferrata and 
Fieschi, 1940, p. 10) or myeloblast of Downey (1938, p. 1963). The 
identity of the hsemocytoblast has been hotly debated on many 
occasions, and the Unitarian schools of haemopoiesis regard it as the 
stem cell for both red cells and granulocytes (see Downey). 

The cytoplasm of haemocytoblasts, pro-erythroblasts and myelo- 
blasts is deeply basophilic, and in Susa-fixed, pyronin-methyl green- 
prepared films of marrow stains a deep red, with a variable paler 
perinuclear zone (figs. 5-7). In Romanowsky-stained preparations 
granules are absent from the cytoplasm of the first two cells ; in the 
myeloblast a few fine azurophil granules appear as the cell develops 
to the myelocyte stage (figs. 1-4). The pro-erjdhroblast is usually the 
most intensely basophilic of aU marrow cells apart fi-om the Marschalko 
plasma cells, but as development proceeds through the erythroblast 
stages, reduction in cell size occurs, haemoglobin accumulates in the 
cytoplasm and the basophilia diminishes considerably (paradoxical 
phenomenon of Ferrata). The myeloblast acquires azurophil granules 
as it develops into the myelocyte, and later the specific granules appear, 
with rapid and great reduction in cytoplasmic basophilia. 

The nuclei of the young basophilic cells contain distinct nucleoli 
which are also basophilic. They are difficult to discern in air-dried 
Romanowsky-stained films, but can be seen very clearly in the films 
of marrow fixed immediately in the wet state in Susa fixative, or in 
sections of marrow similarly fixed and stained by the Uima-Pappenheim 
methyl green-pjo’onin mixture (figs. 1-7, 27 and 30-33). The nucleoli 
of the hmmocytoblast are seen as 3-5 rounded structures which stain 
deeply with the pyronin, and there is little surrounding cluromatin 
staining with the methyl green. 

The pro-erythroblast nucleoli stain deeply with pyronin but are 
slightly reduced in size, and chromatin staining deeply’- -with the 
methjd green is accumulating around them (figs. 4, 6, 9, 12, 15, 16, 
21 and 28). As the pro-erythroblast develops to the early erythroblast, 
hEemoglobinisation and reduction of cytoplasmic basophilia commenc- 
ing, the basophilic nucleoli rapidly disappear, and the deeply staining 
nucleolus-associated chromatin which has formed on their site becomes 
obscured by the heavily staining chromatin masses which condense in 
the shrinking nucleus. 

The nucleoli of the myelobla.st are distinctly basophilic, and only 
a little deeply stained nucleolus-associated chromatin is formed in 
their -vicinity (figs. 17, 18 and 22). As the ^anula-ted my’-elocyte 
develops, however, the nucleoli gradually disappear, and more 
distinct, moderately deeply stained chromatin persists at their site, 
while remaining more discrete from the rest of the nuclear chromatin 
than in the red-cefi series (figs. 10 and 17). The cytoplasmic basophiUa 
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of the myelocytes is also much reduced, and is seen as a granular 
remnant staining pink with the pyronin. 

In the normal marrow preparations, the early cells described are 
few in number but regularly present (figs. 14-23 and 27-29). In iron- 
deficiency anmmia there is often a considerable increase in the number 
of pro-erythroblasts, and their densely basophilie character, together 
with reduced basophilic nucleoli closely associated with chromatin 
deeply stained by methyl green, can be well seen in the Unna- 
Pappenheim-stained preparations. Erythropoiesis is of the normo- 
blastic type in iron-deficiency anaemia, whether idiopathie or associated 
with ehronic haemorrhage. 

Several cases of pernicious anaemia in an untreated state or in 
relapse have been examined, as well as related megaloblastic anaemias 
in tropical sprue and in pregnancy ; they have shorvn marked 
megaloblastic proliferation in addition to a moiety of red cells 
developing along normoblastic lines. The megaloblasts and erythro- 
blasts have shown cytoplasmic basophilia decreasing inversely with 
the degree of haemoglobinisation. The granulocj'tic series have 
similarly shown giant bizarre forms of the metamyelocytes and 
pro-leucocytes in addition to normally maturing forms, and the 
cytoplasmic basophilia has been found to decrease very rapidly up 
to and beyond the myelocyte stage, the basopliilio nuoleoU at the same 
time disappearing. In addition to the cells which are definitely 
assignable to the red-cell or granulocyte series, whether normal or 
abnormal, hjemocytoblasts have been regularly found to be numerous 
in pernicious anaemia, and to possess similar cytoplasmic and nucleolar 
properties towards the pjTonin-methyl green stain as the corresponding 
cells in normal marrows or other conditions with the normoblastic type 
of erythropoiesis (figs. 24-2G and 30-33). Further^ in pernicious anmmia 
marrow it is often possible to trace intermediate forms between the 
haemocytoblasts and reticulum cells of the hmmo-histioblast type of 
Ferrata. The latter cells have very slight cytoplasmic basophilic and 
one or two small basophilic nucleoli, and, in the intermediate types, 
cytoplasmic basophilia, and size, number and basophilia of nucleoli 
are increased. 

In all conditions the films or sections treated with ribonuclease 
show similar results. Cells in the control slides rvith cytoplasmic or 
nucleolar basophih'a lose this property after the action of the enzyme. 
The controls incubated in water at 37° C. and at the appropriate pH 
show some reduction over those simply washed in cold tap water, 
but the enzyme-treated preparations lose the property to a significantly 
greater extent, the general structure and the detail of nuclear chromatin 
staining with methyl green remaining the same. 
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Discussion 

The results with normal human marrow and marrow of pathological 
states in which there is a normoblastic tjrpe of erythropoiesis support 
the work of Brachet (1942) and Thorell (1944) on the occurrence of 
ribonucleic acid as an important cytoplasmic and nucleolar constituent 
of cells of the marrow parenchyma and particularly of the youngest 
members of the red-cell and granulocytic series. The technique used 
in this work is similar to that of Brachet, and the validity of the 
results is dependent upon the specificity of the enzyme ribonuclease. 
The preparation used here readily attacked ribonucleic acid, and its 
properties have been described. DanieUi (1946) has recently criticised 
the use of enzyme tests such as this on the ground that even the 
purest preparations may not be entirely specific for one substrate, and 
further, that removal of a cell constituent by enzyme action does 
not prove it to bulk largely in the composition of the part ; nor does 
failure to react exclude the possibility of the substance being present 
in a protected state. 

He similarly criticises the ultra-violet-absorption technique as 
used by Thorell in his work, in that only precise demonstration of the 
absorption spectrum of a cellular constituent in situ can definitely 
prove its presence. Thorell obtained additional evidence from micro- 
incineration experiments, however. Brachet (1942) points out the 
highly elective removal of only basophilic material by ribonuclease, 
other cell structures remaining intact. Ribonuclease may have some 
action on histones (Cohen), but it is unlikely that these will take up 
basic dyes strongly. 

With the above reservations in mind, it appears that ribonucleic 
acid is an important constituent of the cytoplasm and nucleoh of the 
hsemocytoblasts and of the youngest members of the red-cell and 
granulocytic series, and that this concentration corresponds with the 
most active period of these cells. The hsemocytoblast has well- 
developed nucleoli which are strongly basophilic, and if this cell 
develops along the red-ceU series, the pro-erythroblast has often even 
more basophilic cytoplasm ; the nucleoli rapidly disappear, leaving 
accumulated nucleolus-associated chromatin, and from that point 
maturation is accompanied by increasing haemoglobin accumulation 
in the cytoplasm and diminishing basophilia. 

Similarly, if the haemocytoblast develops along the granulocytic 
series, cytoplasmic basophilia rapidly declines with the appearance 
of the azurophil and specific granules in the cytoplasm, the nucleolar 
basophilia persisting however to the myelocyte stage, with gradual 
diminution up to that point and accumulation of paler-staming 
nucleolus-associated chromatin than in the red-cell series. 

The developmental stages from hsemocytoblast to either red cell 
or granulocyte are therefore marked by a decline in the. ribonucleic 
acid content of nucleoli and cytoplasm, the accumulation of nucleolus- 
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associated chromatin, and the appearance of either hamoglohin or the 
highly active enzyme-containing specific granules in the cytoplasm. 

La Gout has described the decrease in the I'eulgen-negative 
nucleoli of young marrorv cells with development and the accumulation 
in their place of Feulgen-positive heterochromatin, which appears to 
correspond with the nucleolus-associated chromatin of Thorell ; tliis 
can be seen to take up methyl green strongly. It seems probable 
that the ribonucleic acid of nucleolus and cytoplasm, together with the 
nucleolus-associated chromatin, is closely related to the proliferation 
of the young marrow cells and to synthesis of their characteristic 
cjdoplasmic contents — the chromoprotein hmmoglobin and the complex 
enzyme systems of the specific granules. A unique feature of the 
marrow cells is that loss of their power to divide is accompanied hy 
attainment of the free state, and they end their life span as highly 
specialised elements. 

In the bone marrow of untreated or relapsed pernicious ansemia, the 
accumulation of cells with strongly basophilic cytoplasm is very 
striking (figs. 24-26 and 30-33). Some of these cells are basophilic 
early erythroblasts or early members of the ahnormal megaloblastic 
series of red cells, whilst others resemble the hsemocytoblasts of normal 
marrow but are increased in numbers. La Cour has studied the human 
marrow in health and in pernicious ansemia. He considers that a 
breakdown in the mitosis of early cells may account for the formation 
of the megalohlasts and bizarre metamyelocjdes, and that competition 
for the supply of nucleic acids occurs between the two series at the 
expense of the latter. The accumulation of hsemocytohlasts and 
early members of the normoblastic and megaloblastic series of red 
cells, all with a high cytoplasmic content of ribonucleic acid, appears 
to be a significant feature of the marrow in this disease and in other 
megaloblastic anjemias. 

It is noteworthy that the action of luemopoietic substances in the 
megaloblastic ansamias results in a rapid return of the marrow to 
entirely normoblastic erythropoiesis, with maturation of basophilic 
cells, disappearance of the megaloblastic series and reduction in the 
numbers of hsmocytoblasts and basophilic early members of the 
normoblastic series. In the cases of pernicious anaemia studied, 
disappearance of megalohlasts and reduction of basophilic elements 
in the marrow were essentially similar, whether the haemopoietic 
substance given was highly purified liver principle or cruder liver 
extract, or orally administered folio acid. The changes in bone- 
marrow morphology in the case of tropical sprue ufith macrocytic 
megaloblastic anaemia treated by yeast extract, and in macrocytic 
megaloblastic anaemia of pregnancy treated by higlily purified 
parenteral liver extract, were also exactly parallel to those in 
pernicious anaemia. 

Finally, with regard to the form in which ribonucleic acid occurs 
in the cytoplasm and nucleoli of marrow cells, little can be said from 
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the use of ribonuciease alone, which simply indicates the presence 
of the acid. There is a good deal of evidence, however, that it occurs 
in a phospholipin-ribonucleoprotein complex, particularly in the 
mitochondria and microsomes of various tissues (Claude, 1943 ; see 
Davidson, 1945). Brachet (1945) considers the cytoplasmic particles 
to be ideal centres for protein synthesis. Caspersson and Schultz 
believe the nucleolus and its associated chromatin to be concerned 
with histone formation and indirectly with cytoplasmic protein 
synthesis. Thorell has developed this conception in respect of the 
marrow cells. 

With regard to the marrow specimens studied, the basophilic 
material was often observed to be granular, particularly in sections, 
and often distributed rather patchily in the neighbourhood of the 
nuclear membrane. Preparations fixed in mercuric acetate and 
stained with acid fuchsin and metanil yellow (Gough and Fulton, 1929) 
showed the strongly basophilic types of cells to possess cytoplasm 
laden with mitochondria. 


Conclusions 

1. Application of the Brachet cytochemical test to normal and 
pathological human bone marrow shows the presence of ribonucleic 
acid in the cytoplasm and nucleoli of young hmmopoietic cells, this 
substance being responsible for the basophilia of these elements. 

2. The nucleolus is best developed in the hsemocytoblasts. 
Development to the granulocytic or red-ceU series is accompanied 
by diminution and disappearance of the nucleolus and the develop- 
ment of nucleolus-associated cliromatin. 

3. The nucleolus has disappeared by the early erythroblast stage in 
the red cell series, with marked associated chromatin development. 
The nucleolus persists to the myelocyte stage in the granulocytic 
series, with finer associated chromatin development, 

4. Cytoplasmic basophilia is most marked in the hEemooytoblasts 
and earliest members of the granulocytic and red-cell series, and 
particularly in the pro-erythroblasts. 

5. In the red-cell series cytoplasmic basophilia diminishes gradually 
with the development of hemoglobin, Eapid diminution occurs in 
the granulocytic series with the appearance of the granules of the 
myelocytes. 

6. The ribonucleic acid content of nucleolus and cytoplasm in the 
young marrow cells and the development of nucleolus-associated 
chromatin appear to be closely related to capacity for cell proliferation 
and the development of specific cytoplasmic constituents. 

7. In pernicious anaemia and other megaloblastic anaemias the 
characteristic megaloblastic proliferation proceeds pari passu with 
reduced normoblastic erythropoiesis, and early cells of both these 
series, as well as hsimocytoblasts, are prominent, their deeply baso- 
plulic cytoplasm laden with ribonucleic acid. 
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Addendum 
(Footnote to p. 227) 

It has subsequently been found better to prepare the test solution by adding 
an equal volume of twiee-isotonic veronal-acetate buffer at^H 6‘86 to the heated 
aqueous solution of ribonuclease ; this gives very complete removal of baso- 
philic material in 1 hour at 37° C. The control tissue in isotonic buffer alone 
shows perfect preservation of basophilia, with subsequent brilliant staining by 
pyronin. Since carrying out this modification, which will be dealt with in 
greater detail in a future commimication, the paper by F. K. Sanders (1946), 
in which a similar technique is used, has come to my notice. 
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THE IKFLUENCE OE VIETILENCE ON THE 
TT V n V HTNTSmO POTENCY FOR MICE OF HJEMO- 
PHILUS PERTUSSIS, PHASE I 

David F. Geat 

From the School of Bacteriology, University of Melbourne 

The increasing confidence in perktssis immunisation, based on many 
favourable reports on its field application, was disturbed by the 
failure of the recent trials in Oxford to demonstrate any protection 
in children following the use of a phase I vaccine (MoFarlan, Topley 
and Fisher, 1945). It is understood (McFarlan, 1946, personal 
communication) that it was not the intention of these workers to 
discredit pertussis vaccination as a practice, but merely to show that 
a vaccine produced by a reputable institution from phase I organisms 
was not ipso facto an effective prophylactic agent. Moreover, 
McFarlan and his colleagues in their paper suggested the possibility 
that the vaccine may have been at fault and that, although it was 
possible to criticise points in the planning or statistical analysis of 
some of the successful American trials, it was difficult to avoid the 
conclusion that vaccination conferred some protection. 

Previous experiments (Gray, 1946) showed that significant varia- 
tions may occur in the mouse virulence of a single strain of 
H. pertussis, determined by the intranasal route, within the present 
concept of phase I. Enhancement in virulence is influenced by 
decreasing physiological age of the cultures and is most evident 
after 24 hours’ incubation. Furthermore, growth in the developing egg 
produces organisms which are more virulent than those of equivalent 
age on Bordet-Gengou medium. 

The experiments here recorded represent an attempt to provide 
evidence that not all phase I vaccines possess equal immunising 
potency and that vaccines made from highly virulent young cultures 
are more suitable for vaccine production than the older cultures 
hitherto employed in animal and human vaccination. 

Immunising potency is a purely relative character, dependent 
upon the animal species and the experimental conditions, and it is 
therefore unwise to attempt to relate directly the results of experiments 
in mice to the response in children. But I feel that my results offer 
some indication of the possible reason for the failure of the Oxford 
trials. 
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jMatehials AIH) methods 
Origin and maintenance of H. pertussis 

The original strain of S. pertussis (Gray), isolated directly from a cough plate 
and vacuum-dried in a large number of ampoules, was used tliroughout for 
preparing vaccines and for determining the degree of protection they afforded. 

Preparation and standardisation of vaccines 

For the initial experiments vaccines were prepared from the suspensions 
used in the original virulence tests, because it was desired to correlate virulence 
with immune response. For later work fresh vaccines were prepared from 
dried cultures of H. pertussis. 

(а) Bordet-Gengou (B-G) vaccines. The physiological age of the cultures 
used for vaccine production was recorded as the time elapsing from subculturing 
from an ampoule recovery plate at 60 hours imtil the growth was harvested by 
washing off in 0-6 per cent, phenol-saline. On this basis a number of subculture 
plates sown simultaneously were harvested at appropriate intervals to provide 
24-, 48- and 72-hour vaccines. The suspensions were standardised to 10,000 
million organisms per ml. and stored in the cold imtil used. As before, the 
standard of reference was Wellcome (Brown’s) no. 9 opacity tube, checked by 
dilution 1 ; 4-5 to no. 2 tube. Where dilutions were necessary to give varying 
doses of vaccines these were made in phenol-saline immediately before 
administration. 

(б) Fgg vaccines. Six- or seven-day chick embryos were inoculated directly 
into the allantoic cavity with a 24-hom‘ B-G suspension, harvested at the 
appropriate time and concentrated and standardised in the manner previously 
described. Merthiolate (1 : 10,000) replaced phenol as preservative in tliis series 
beca\ise of the action of phenol on egg protein. 

Doses 

In these experiments vaccines were administered subcutaneously or 
intraneisaUy and doses were made considerably smaller than those employed 
by many workers, wnth the object of approximating more nearly to the dose 
for a child on a weight-for-weight basis. It was also foimd convenient in most 
cases to reduce the ninnber of injections to a minimum and to allow only a 
short period for the establishment of immimity. This method is contrary to 
the practice in children but it was justifiable here, since the experiments were 
pvuely a comparison of the potency of different vaccines and it was not therefore 
desired to achieve complete protection in any group. Only in the final experiment 
was any attempt made to assess the value of decreasing doses of the same vaccine 
administered by different routes, as an indication of the possibility of reducing 
the relatively enormous dose of 90,000 million organisms now recommended for 
children (Sauer, 1935). 

Experimental mice 

White mice of the disease-free strain previously used were given the first 
dose of vaccine — sometimes the only dose — at 3 weeks of age and, after the 
appropriate rest period for each experiment, received a challenging dose of 
living organisms. Although these mice may be considered too immature to 
respond well to immunisation, this age was chosen to conform with previous 
virulence tests. Moreover, as stated above, the experiments were not designed 
to afford complete protection in any group of mice, thus showing the contrasts 
to greater advantage. Despite their immaturity, however, the immune response 
was quite well marked. 
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Method of infection and assessment of degree 

Following the method of Bumet and Timmins (1937), the immunity of the 
mice W 03 challenged by instilling a dose, ranging in different experiments from 
25 million to 100 million organisms, intranosally under ether-chloroform 
anjesthesia. The diluent used was buffered B-G broth (Gray) and the test dose 
(0*05 ml.) was administered with a standard dropping pipette. Mice wore 
discarded if they failed to inhale the dose evenly or did not recover satisfactorily 
from the anaesthetic. Confirmation of the cause of death was secured by autopsj’' 
and smear in each case. 

Interpretation 

The degree of protection afforded by different vaccines was assessed in 
terms of percentage survival over a period of three weeks, of daily mortality 
rate, of average survival times and, in some cases, of the degree of lung involve- 
ment shown by the survivors. For computing average survival times the 
practice was adopted, as previously, of recording all animals alive at the 2l8t 
day as having survived for only 22 days, although many would have survived 
indefinitely. The significance of observed differences in protection was 
determined by Fisher’s exact x* method of statistical analj’sis. 


Results 

Reference to the previous results (Gray) will show that the most 
wulent form of B. pertussis phase I obtained was a 24-hour culture 
on B-G medium and that virulence declined very steeply as the period 
of incubation was extended to 48 hours or longer. Although egg 
cultures of equivalent age were found to be more virulent than B-(j 
cultures, it was not practicable to harvest the eggs at less than 48 
hours. Egg cultures of tliis age were not significantly less virulent 
than 24-hour B-G cultures, but as they are rather more difficult to 
prepare, the main emphasis in this paper has been placed on the 
young B-G cultures. Comparative trials of B-G and egg vaccines vdll 
be recorded later. 

The influence of physiological age on the i7nmuni5ing potency 
of H, pertussis pJiase I 

The vaccines used in tliis and in some of the follovdng experiments 
were made by adding O-S per cent, phenol to the suspensions used in 
the original virulence tests. When necessary, fresh vaccines were 
prepared in the manner described above. A sample of Wellcome 72- 
hour vaccine was obtained for comparison with our own preparations. 
This was not from the same batch as that used by the Oxford workers, 
which had then exceeded the expiry date, but was prepared under 
identical conditions from the same cultures of B. pertussis and may 
tlierefore be considered comparable in potency. 

The mouse-immunising dose (1600 million organisms) was injected 
subcutaneously and after a rest period of fifteen days a challenging 
dose of 100 million 24-hour organisms was administered intranasally 
under anccsthesia. Table I summarises the experiment. 
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Statistical comparison of the protection afforded by the diJBferent 
vaccines is expressed in terms of probability (P) which is interpreted 
as significant at the level 0-05 and highly significant at 0-01 or less. 
The probability of survival in the series tested, namely 24-hour, 48- 
hour, 72-hour, Wellcome vaccine and controls, is 86-3, 65-3, 40-7, 
40 and 2-4 per cent, respectively. All the observed differences are 

TABI.E I 


Comparison of 24-Aour, 4S-hour and 72-hour B-G vaccine with 
Wellcome 72-hour vaccine {Oxford trials 1945) 


Series 

Vaccine 

Death (time in days) 

Sorvival 

Significance 


No. 

Per cent. 

A 

24-liour 

B-G 

3, 3, 3, 3, 4, 4. 7, 9, 10, 20 

63/73 

86-3 

V. 48 hr. 

P=0-008 

V. combined 
72 hr. 
P=0-001 

V. controls 
P=0-001 

B 

48-hour 

B-G 

2, 3, 3, 3, 3, 4, 5 , 5 , 6, 6, 6, 8, 8, 8, 8, 
13, 14, 14, 17, 20, 20, 20, 20, 20, 20 

47/72 

65-3 

V. combined 
72 hr. 
P=0-009 

V. controls 
P<0-01 

C 

72-hour 

B-G 

2, 2, 2, 2, 3, 3, 3, 3, 6, 5, 5, 5, 5, 

7, 12 

11/27 

40-7 

1 V. controls 

D 

Wellcome 

(72-hour) 

1, 2, 2, 2, 2, 3, 3, 3, 3, 3, 4, 4, 5, 6, 
6, 10, 10, 17 

12/30 

40-0 

rp<o-oi 

E 

Ml 

(Controls) 

1, 2, 2, 3, 3, 3, 3, 3, 3, 4, 5, 6, 5, 6, 
6, 5, 6, 8, 8, 8, 8, 8, 9, 11, 11, 11, 
13, 13, 16, 15, 15, 15, 16, 16, 16, 
16, 18, 18, 19, 20, 20 

1/42 

2-4 



highly significant and are in accordance with expectation if virulence, 
as judged according to physiological age, serves as a measure of 
immrmising potency. The two 72-hour vaccines, om own and that 
of the Wellcome Laboratories, give statistically indistinguishable 
results, with protection of a low order, and for analysis it is convenient 
to combine these two series. 

Pig. 1, in which percentage mortahty is plotted agamst time, 
shows the relative efficacy of each series at any stage during the 
experiment. 


Comparison of egg and B-G vaccines 

This experiment examines further the relationship of virulence to 
immunising potency, comparing cultures of different physiological 
age, grown on B-G medium and in the developing egg, of which the 
virulence has already been determined (Gray). Table II summarises 
the findings of a representative experiment using these vaccines. 
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The results show, first, that the relationship between physiological 
age and rirulence (Gray) is refieoted in immunising potency, whether 
the culture medium is B-6 or the developing egg, that is to say, the 
j'ounger the culture, the greater the virulence and the immunising 
potency. Second, there is no significant difference between the 
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Fia. 1. — Mortality rat© of 24-hr., 48*hr., and 72«hr. vaccines (combined figures). 


immunising potency of tlie 24-liour B-G vaccine and the older 
(48-hour) egg vaccine, nor between the 48-hour B-6 vaccine and the 
4-day egg vaccine. By inference from these figures it is suggested 
that a 24-hour egg vaccine would be superior to a 24-hour B-G 
vaccine and statistical analysis of the trend of effectiveness with 
physiological age confirms this suggestion. Moreover it is probable. 
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other things heiag equal and assuming that a method could he 
devised to obtain an adequate yield from either B-Gr or egg cultures 
in less than the minimal times here recorded, further reduction in 
physiological age would give even more efficient vaccines. 

Table II 


Comparison of egg and B-G vaccines of varymg physiological age 





Survival 


Series 

Vaccine 

Death (time in days) 

No. 

Average 

time 

(days) 

Per cent. 

Significance 

A 

24-hour 

B-G 

9, 20 

43/46 

23-5 

96 

v.B, P=0-24 
v.C, P<0'005 
V.D, P< 0-005 

B 

48-hour 

egg 

11, 11, 20, 20. 20 

38/43 

22-2 

89 

v.C, P>0-05 
V.D, P>0-05 

C 

48-hour 

B-G 

5, 6, 8, 8, 8, 13, 17, 
20, 20, 20, 20, 20, 20 

31/44 

21-1 

70 

V.D, P>0-05 

D 

4-day egg 

2, 3, 3, 6, 6, 7, 7, 15, 
17, 20 


18-8 

67 

v.E, P<0-01 

E 

Nil 

(Controls) 

1, 2, 2, 2, 2, 2, 2, 2, 2, 
2, 3, 3, 3, 3, 6, 8, 8, 
9, 9, 13, 13, 15, 15, 
15,18,18,19, 20,20 

1/30 

8-6 




Immimisation : single dose of 1500x10' orgasms injected subcutaneously. 
Challenging dose after 15 days: 50x10° 24-hour B-G organisms intranasally. 
Termination : at 23rd day. For averaging, sinvivors recorded as 24 days. 


Interpretation of the results in terms of average survival times 
and of degree of lung involvement in animals dying or surviving, 
although confirming the above conclusions, faded to supply additional 
statistical evidence to that already obtained from percentage survival 
at the end of the experiment. 

Comparison of vaccines by intranasal and 
subcutaneous administration 

Intranasal administration of pertussis vaccines to mice as a method 
of assay was recommended by Dow (1940). Her results suggested 
that it was possible by this method to separate whole pertussis 
vaccines and soluble vaccines into two groups of high and low potency 
respectively. Within the group of whole vaccines, however, the 
products of different laboratories, administered intranasally in the 
same volume to mice, could not be separated despite very marked 
differences in their ceU content, preservative and nitrogen content. 
It should be noted that Dow gave relatively large doses of vaccine 
to mice, ranging from 2250 million to 7750 million, representing, on a 
weight-for-weight basis, from 20 to 86 times the maximum recom- 
mended dose for children. Moreover a very large challenging dose— 
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2250 million 48-hour organisms — ^was employed and it is not im- 
prohable that these experimental conditions, compared with those 
employed here, would effectively mask any except dramatic differences 
in protective potency. Dow showed that a much greater protection 
was afforded, dose for dose, by the intranasal than by the 
intraperitoneal route, even under these severe experimental con- 
ditions. 

North and Anderson (1942), reporting work carried out con- 
currently with that of Dow and examining some of her findings, 
confirmed the greater protective power of vaccines administered by 
the intranasal route. They suggested that the enhanced immunity 
is composed of (1) a general specific immunity due to circulating 
antibodies and (2) a local immunity in the respiratory tract, in which 
non-specific factors play a large part. These workers suggest, in 
view of the important influence exerted by non-specific factors on 
mouse immunity, that it would appear safer to use a method of assay 
in which these factors play no part. 

This experiment examines the protective potency of 24-, 48- and 
72-hour vaccines, given by the intranasal route, ns compared (o) with 
each other and (4) with a control series receiving different doses of 
the 24-hour preparation given subcutaneously. The vaccine dose is 
small in the main comparison (300 million), in contrast to the doses 
used by Dow, and a relatively small challenging dose is given (50 
million 24-hour organisms). 

Table III summarises this experiment and fig. 2 plots the death- 
rate against time, showing the relative merits of each vaccine at any 
stage of the experiment. 

The slightly longer rest period than that allowed previously was 
adopted because of North and Anderson’s suggestion that, although 
the immunity following intranasal vaccination was not evident by the 
tenth day, it was well established by the tliirty-eighth day. 

The following statistical comparisons of percentage survival were 
made. 

Twenty-four-hour vaccine intranasally. At the 300-million dose 
level (series A, table III) the 24-hour vaccine gives significantly 
greater protection than (B) the 48-hour vaccine, (C) the 72-hour 
vaccine in the same dose intranasally, (D) the 24-hour vaccine in the 
same dose subcutaneously or (G) the 24-hour vaccine at one-tenth of 
the dose intranasally. Its observed superiority over a fivefold increase 
in dose given subcutaneously almost roaches the level of significance. 
The general conclusion drawn is that the 24-hour vaccine is superior 
to the other two in equivalent doses and that its efljciency in mice 
is greater by the intranasal than by the subcutaneous route. 

Ciomparing tbo relative efficiency of the two routes of immunisation 
in discriminating between the three vaccines, statistical analysis 
suggests that the intranasal method is more selective for antigenic 
differences. That is to say, whereas by the subcutaneous route the 
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24-liour V. 72-hour comparison shows a difference of 46 per cent., 
it is increased to 60 per cent, by the intranasal route. 

Tabi^; m 


Intranasal v. subcutaneous inoculation of vaccines 





Dose of 
organisms 



Survival 


eries 

Vaccine 

Route 

Death time In days 

No. 

Average 
time 
in days 

Per 

cent. 

Significance 

A 

24-hour 

1/N 


3 

24/25 

21-2 

96 

v.B, P = 0'009 
v.C, P < 0-009 
v.E, P = 0-10 
v.F. P = 0-15 
v.G, P = 0-001 

B 

48-hour 

I/N 


5, 6, 6, 6, 6, 7, 8, 9, 
12, 20 

15/25 

16-6 

60 

v.C, P = 0-17 

C 

72-hour 

I/N 



9/25 

13*9 

36 

v.D, P = 0-03 

D 

Saline 

control 

I/N 

Nil 

2, 4, 4, 4, 6, 7, 8, 9, 
9, 10, 10, 11, 12, 
12, 14, 16, 16, 16, 
16, 17, 18, 20, 20 

2/25 

12-2 

8 


E 

24-hour 

S/C 


3, 4, 4, 4, 8, 12 

19/25 

18-1 

76 

V.P, P = 0-6 

E 

24-hour 

S/C 


3,4,4,6,5,5,9,13,16 

16/25 

16-6 

64 

V.D, P = 0-01 

G 

24-hour 

I/N 

SOxlO" 

1,2, 9,9,10,11, 12, 
12, 13, 13, 16, 

17 

13/25 

16-5 

52 

V.D, P < 0-01 


Vaccines administered in 2 doses by either the subcutaneous (S/C) or intranasal 
(I/N) route, with a 7-day interval between doses. Best period three weeks. Challenging 
dose, 50 million organisms of a 24-hour B-G culture intranasally. Mice were observed 
for three weeks after the challenging dose and, for determining average survival times, 
mice stiU living are recorded as having survived 22 days. 

Other comparisons. With the number of mice employed (25) the 
observed difference between the 48-hour and 72-hour vaccines 
(24 per cent.) is not significant, but in view of the results of the 
previous experiments it is not considered necessary to repeat this 
comparison. 

Comparing the probability of survival among mice receiving a 
30-million intranasal dose of 24-hour vaccine (G) with those receiving 
ten times this dose of either 48-hour (B) or 72-hom vaccine (C) by 
the same route we find no significant difference. In other words the 
24-hour vaccine is at least ten times as efficient as the other two at 
these dose levels. 

Discussion 

There can be no question that obviously rough variants of H. 
pertussis (phases II, III or IV) are valueless as imm^smg agents. 
Moreover attempts to isolate from the smooth phase antigenic fractions 
capable of stimulating as effective an immunity as whole vaccines 
have not succeeded. 
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Dealing "witli tliis problem on tbe basis of mouse experiments 
it is evident that vaccines prepared from the virulent form of 
H. inrUmis, namely phase I, confer some degree of protection on 
nuce. Previous experiments (Gray) showed, however, that the 
virulence of phase I H. pertussis is not constant but varies con- 
siderably under the inhuence of a number of factors. The most 
important of these yet detected are the physiological age of the 
culture and the medium used. 

The experiments here recorded show that virulence of H. pertussis 
phase I is a useful index of protective potency. No matter whether 
the vaccine is introduced intranasally or subcutaneously, 24-hour 
vaccine is significantly superior to vaccines prepared from older 
cultures and tbe degree of protection afforded correlates well with 
predictions based on observed differences in virulence. 

Neither endotoxin, capsule nor any other major antigen alone 
appears to play a significant part in determining virulence (Gray) 
or antigenicity. It appears that virulence and antigenicity depend 
on the presence of certain labile factors in the cell which are most 
pronounced in young cultures. That these factors are independent 
of the accepted phase I state of the organism is readily shown by 
the agglutinabUity of cultures of different physiological age with 
phase I antiserum. The most effective vaocine, therefore, is one 
which retains all these factors in a relatively unaltered state. Hence 
it appears that these observations offer some justification for an 
optimistic view on the effectiveness of active immimisation in children. 
The success of some workers (Macdonald and Macdonald, 1933; 
Sauer, 1933a, 19336, 1935 and 1939; Sauer and Tucker, 1942; 
Kendrick and Eldering, 1936 ; Howell, 1938 ; Schermerhorn, 1938 ; 
Bell, 1941 ; Tucker, 1941 ; Daughtry-Denmark, 1942 ; Perkins et al, 
1942) may be due to their use of vaccines prepared from cultures of 
which the physiological age did not exceed 48 hours. Of those failing 
to achieve protection, at least one group of workers (McParlan et al.) 
used a 72-hour vaccine. 

Although one hesitates to relate results in mice to those in children, 
it is felt that some indication of the possible reason for the failure of 
the Oxford trials is to be found in the physiological age of the vaccine 
used. This reasoning cannot be invoked, however, to account for 
the failure of the trials by Siegel and Goldberger (1937) and DouU e( al. 
(1939). Both these groups of workers used 48-hour vaccines. The 
only argument tenable here is that the 48-hour vaccine is relatively 
inefficient in protecting mice compared with the 24-hour preparation. 
Therefore, if a physiologically young vaccine' were used one might 
reasonably expect it to confer some protection. 

Considering the results of table III one might reasonably expect to 
achieve much the same degree of protection as appears to be conferred 
on children by commercial 48-hour vaccines with approximately 
one-tenth of the recommended dose (90,000 million organisms) of 
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24-hour vaccine. Such a reduction in dosage would he of considerable 
importance in alleviating the discomfort associated with pertussis 
vaccination. 

Local versus general immunity 

It is not unlikely that the enhanced immunity conferred by 
intranasal over subcutaneous vaccination is in part non-specific, in 
the form of residual interstitial mononuclear aggregations, but it is 
possible that local specific factors also play a part. This suggestion 
raises once more the widely disemssed question of whether a local 
as opposed to a general specific immunity may be stimulated by a 
particular immunological experience. If we accept the general 
hypothesis that humoral immunity arises solely or in great measure 
irom the activity of the retioulo-endotheh'al cells, it would be e.vpected 
that specific local immunity of a particular organ or tissue would 
depend on the presence of sessile R-E cells capable of antibody 
production. Such cells, onoe trained to produce a specific antibody, 
would give rise to a local anamnestic response with an immediate 
effective local concentration of antibodies. In support of this 
suggestion, Boyd (1943, p. 62, footnote) states “There is some 
indication that antibodies can be manufactured at least to some 
extent locally in almost any part of the body ”. 

Regarding the protection afforded by egg vaccines compared with 
B-G vaccines of the same physiological ago, it is considered that the 
developing egg provides more adequately the nutritional environment 
necessarj’ to the optimal growth of LI. pertussis outside the human 
body. Failure to carry investigations further on egg vaccines from 
cultiures of less than 48 hours’ incubation — which might reasonably 
be expected to be superior to 24-hoar B-G vaccine — was due to 
teclmical difficulties in securing an adequate harvest from the egg 
in less tlian 48 hours. It is felt, however, that this method of cultiva- 
tion offers interesting possibilities with nutritionally exacting organisms 
such os if. pertussis.* 

Examining tlie trend of vaccine efficiency with decreasing physio- 
logical age, in both B-G and egg cultures, one finds it is probable that 
still further reduction of the physiological age — assuming tliat a 
method could be den’sed to obtain an adequate jdeld in this time — 
would give an even more efficient vaccine. 

No opportunity has yet occurred to test the validity of the 
assumption that a 24-hour vaccine noiild prove a far more effective 
immunising agent for cliildren than either the standard 48-hour 
vaccine, or the less commonly used 72-hour or older vaccines. 
However, on the basis of these results it is felt that such a trial is 
warranted. 

* In any development of cgg-cultured vftcemes for human use due recognition would 
bo necessary of the not uncommon sensitivity, especially of children, to egg gubstancGs. 
Curphey (1947) records n fatal liaimorrhngic allergic reaction in a child folloivmg the 
injection of egg cultured influenza vaccine. 

J PATH BACT —VOL IIS * q 2 
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SuaniABY 

1. The variations in virulence of phase I H. pertussis induced by 
altering the incubation time and the conditions of growth are reflected 
in the immunising potency for mice of the corresponding vaccines. 

2. The intranasal route of vaccination confers a greater degree 
of protection than the subcutaneous route and, contrary to the results 
of other workers, appears to be suitable for demonstrating fine 
differences in the antigenicity of whole vaccines. 

3. A possible explanation of the failure of the Oxford trials to 
protect children is offered, namely that the vaccine used was physio- 
logically old and therefore of poor protective quality. 

4. It is considered that the results of these experiments are 
sufficiently encouraging to justify a well-organised field trial using 
24-hour vaccine under carefuUy controlled conditions. 

I am indebted to Mr R. T. Leslie and Dr J. J. Graydon for the statistical 
work and to Blr H. Proom of the Wellcome Physiological Research Laboratories 
for making available vaccine and cultures of H. •pertussis. 
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THE SENSITIVITY OF ORGANISMS OF THE 

GENUS LEPTOSPIRA TO PENICILLIN AND 

STREPTOIiiyCIN 

J. A. H. WyniE and E. Vincent 
From the Sir William Dunn Sdtool of Pathology, University of Oxford 

Leptospira icterohmmorrhagice was at first reported to be insensitive 
to penicillin in vitro (Abraham et al., 1941) but later workers asserted 
that strains in their possession showed considerable sensitivity, both 
in vitro and in vivo (Alston and Broom, 1914 ; Borg Petersoil and 
Schmidt, 1945 ; Larson and Griffiths, 1945). It appeared probable 
therefore that this group of organisms might show some strain 
variation in susceptibility to penicillin such as has been found with 
other micro-organisms. Observations regarding leptospirse other than 
L. icterohcemorrhagicB have been scanty. The effect of streptomycin 
has been investigated fairly extensively in vivo and its value relative 
to penicillin will be discussed later in this paper. 

We thought it worth wliile to test in vitro the susceptihUity of 
all the 29 organisms of the genus Leptospira in our possession, 
including six strains of L. icleroJitemorrhagiw from different sources. 

The investigations comprise two experiments. In the first, a 
study was made of the general antibiotic effect in vitro of the two 
substances, penicillin and streptomycin, in relatively high concentra- 
tion upon the whole range of species of Leptospira in tliis laboratory. 
In the second, in view of the desirability of correlating the effect 
of penicillin on the cultivated organisms with the blood concentrations 
at present practicable in clinical work, the common pathogens of the 
genus Leptospira were tested against higher dilutions in order to 
determine the approximate end-point of their inhibition by penicillin. 


Method 

Tlie organisms were grown in a medium of 12 per cent, rabbit serum in 
water double distilled from glass. All tlio serum required for the investigation 
was taken from rabbits whose sera had previously been shown to support the 
growth of the leptospuiu under investigation — a necessary precaution, because 
some rabbit sera do not support tho growth of loptospirte and a few contain 
J. rmr, tact. — vor. 11 s 247 
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antibodies -which agglutinate L. icterohcemorrhagiw. One batch of the serum- 
■water medium -was prepared and divided into five equal volumes, one of •which 
was left as a control. To the remaining four either penicillin or streptomycin 
was added according to the following scheme : — 

(1) 1 unit penicillin per ml. 

(2) 10 emits „ „ „ 

(3) 6 units streptomycin per ml. 

(4) 60 units „ „ „ 


The form separate solutions and the control were then put into tubes 
measiu-ing 25x2 cm., each tube receiving 6 ml. of the medium. The species of 
Leptospira to be tested were separately inoculated into one tube of each of 
the above groups, the inoculum being 1 ml. of the stock cultm-e. Since the stock 
cultures were of approximately equal density the number of leptospirse delivered 
in each case was about the same. All the tubes were incubated at 28° C. and the 
cultmes examined macroscopieaUy and microscopically after 2 and 3 days. 

Whereas streptomycin is stable, penicillin deteriorates on incubation ; 
therefore, to check the loss of acti-vity over the period of investigation, all 
tubes to which penicillin had been added were tested for potency at the end 
of the experiment by the cylinder plate method (Heatley, 1944) against the 
Oxford H strain of Staphylococcus aureus. The samples from the tubes to 
which 10 imits had been added were dUuted 10 times before assay. Upon each 
plate a standard of l-O, 0-75 or 0-5 unit per ml. was placed in addition to 6 
or 7 samples. A graph constructed from the size of the standard rings showed 
that after 3 days’ incubation approximately of the penicillin had been lost, 
whether the leptospirae had gro-wn or not. 

Because L. icterolmmorrhagice is by far the most important patho- 
genic organism of tliis genus, six strains of diverse origin were 
investigated (table I). 

Tabm I 


Strains of Leptospira icterohjemorrhagise investigated 


Strains 

Source 

L. icterohcemorrhagiae A. E.G.A. 

L. icterohcBmorrhagicB AB. M.20 . 

L. icterohasmorrhagim (Cockbum) 

L. icterohcemorrhagice (Wijnberg) 

L. icterohaemorrhagioB (Vady) 

L. icterohcemorrhagice (Buckland) 

Original icterohcemorrhagice strain isolated 
from a guinea-pig infected with human 
material from a case of Weil’s disease on 
the Western Front in 1915 (Uhlenhuth 
and Fromme, 1916) 

Borg Petersen, 1938 

BSghly virulent for guinea-pigs ; maintained 
for 2 years by passage (Wylie, 1946a) 
National Collection of Type Cultures, Lister 
Institute, London 

Ditto, no. 4633 

Weakly virulent for guinea-pigs 


Tbe remaining species, of European and oriental origin, were 
obtained by the courtesy of Dr C. Borg Petersen of the State Serum 
Institute, Copenhagen. The source has been given of the less common 
resistant species. 
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Results 

Table II summarises the results at 3 daj'S. The growth was 
recorded from the densitj^ of the suspension of living' leptospiraj as 
assessed by dark-ground microscopy. 

Table H 


Inhibiiioix of 29 strains of X^tptoapira by penicillin and streptomycin 




3 days j 


Control 

PealciUln 

Streptomycin 



1 unit 

10 units 

6 units 

50 units 

L. icteroheemorrhagio: A . . • . 

>10 

_ 

_ 

1 

— 

„ „ AB . . . . 

>10 

— 

— 


— 

„ „ Buckland . 

>10 

1.2 

<1 

5 

5 

„ „ Vfldy 

>10 

— 

— 

— 

— 

„ „ Cockbum . 

>10 

— 

— 


— 

„ „ Wijnberg , 

L. grippotyphosa ..... 

>10 

<1 

— 

1 


>10 

— 


<1 

— 

Zf. contcola ...... 

>10 

•— 

— 


r” 

L. sejroe 

>10 

— 

— 

— 

— 

Z». ...... 

>10 

— 

— 

— 

— 

L. balawce ...... 

>10 


— 

— 

— 

L, pomona ...... 

5 

— 

— 

— 

— 

Zr. oiw/ralw 0 (Cotter, 1935, quoted by 

>10 

— 

— 



Clayton and Derrick, 1937) 






Jj. pox ....... 

Zr. «art ....... 

5 

— 

— 

— 

— 

>10 

— 

-• 

— 

— 

Zr. pyrogtnu ...... 

Zr. kebdomadis ...... 

>10 

5 





Zr. he (Kouwenaar and IVolff, 1930) 

5 


— 

— 

— 

L. 3705 (Sumatran strain ; Wolff and de 

>10 


— 

2 

<1 

Grnaf, 1939, p. 2470) 

L. autumnalis ...... 

>10 


_ 


_ 

Z. rocAmaf (Sumatran strain ; Baerman)* . 

>10 

^^9 

— 

2 

<1 

L. sentot ....... 

>10 


— 


— 

Z. australis b , 

>10 




_ 

Z. eamarang (Javan stram ; Sardjito and 

>10 

2 

r> 

3 

3 

Mochtar, 1939) 

Z. naam (Sumatran strain ; Wolff and de 

>10 

<1 


_ 


Graaf, 1939) 

L. benjamin ...... 

>10 




_ 

L.javanica ...... 

>10 

— 

— 

— 

— 

Z. 90 c 

>10 

— 

— 

— 

_ 

Z. andaman 0 ..... . 

>10 

— 


““ 

— 


Streptomycin, 1 unit = 1 y. 

Penicillin, 1 Oaeford unit =3 0*6 y opprox. 

The source is given of the loss well known strains exhibiting resistance to the 
antibiotics. 

The figures in columns 2-6 are the number of living leptospir® per ^ in. dark .ground 
field. 

— =3 no leptospiraj, or dead leptospiraj only seen. 

• Becehed from Bote retema. 


None of the tubes ^rith penicillin or stt'eptomycin showed a richness 
of growth approacliing that of the controls. In the majority, growth 
was inateriall 3 ’ diminished by the addition of penicillin or streptomycin 
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and, -with few exceptions, penicillin was eflFective at a lower con- 
centration than streptomycin. 

Levels of 1 or even 10 units per ml. of penicillin can be maintained 
in the serum, but the dosage required for tliis is much greater tlian 
that now in common use (Lourie el al, 1945). Thus it was thought 
advisable to determine on the commoner pathogenic leptospiim the 
minimum concentration of penicillin which would totally inliibit 
their growth. For this test, the five relatively susceptible strains of 
L. icterohcemorrhagice were chosen, R.G.A., AB., “ Cockburn ”, ” Vady ” 
and “ Wijnberg with the addition of L. grippotyphosa, L. canicola 
and L. batavice. Each strain was inoculated into 5 ml. of the same 
medium as before, with penicillin in concentrations of 0-025, 0-05, 
0-1, 0-25 and 0-5 u/ml. A control tube without penicillin was 
inoculated with each strain and the test set up in quadruplicate. 
The inoculum was equal in each case — 0-5 ml. of a 4-day growth of 
the stock culture. 

Prom experience gained in the first investigation the inoculated 
tubes were incubated for 3 days at 28° C. before examination. Each 
tube was then examined microscopically and growth estimated by 
the number of actively motile leptospirse seen in each 1/1 2th inch 
dark-ground field. 

As before, it was thought advisable to determine to what extent 
the penicillin added at the start of the experiment had deteriorated 
after 3 days. The two higher concentrations, 0-5 and 0-25 units per 
ml., were estimated by the cylinder plate method of Heatley, but 
since a ring is not produced by a concentration less than 0-2 unit 
per ml., this method could not be used with the lower concentrations. 
In estimating the loss of penicillin in dilutions 0-025, 0-05 and 0-1 u/ml., 
resort was therefore made to the slide assay method of Garrod and 
Heatley (1944-45), with a drop from a Pasteur pipette as the unit 
of measurement. On each slide 4 tests were mounted, along with 
a control, i.e. a drop of medium from the control tube containing 
leptospirae and a standard cell consisting of the control diluted with 
an equal quantity of a penicillin solution containing 0-04 unit per ml. 
(final dilution of 0-02 u/ml.). All these were then inoculated with a 
wire from a 1 : 1000 dilution of a 24-hour culture of the Oxford H 
strain of Staphylococcus aureus. This minute amount of the staphy- 
lococcal inoculum, it was deemed, would not significantly alter the 
quantity. The tubes to which the dilutions of penicillin had been 
added at the commencement of the experiment were similarly 
inoculated on the slide. The results of these tests showed that in 
the control without penicillin upwards of fifty colonies of Staph 
aureus had grown after 24 hours’ incubation at 37° 0. With verj'’ few 
exceptions growth was entirely absent from the standard ceU (final 
dilution 0-02 u/ml.) and froifi any to -which penicillin in dilutions of 
0-025, 0-05 or 0-1 u/ml. had been added before inoculation w'lth 
leptospirae. 
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Our findings may be summarised as follows — 
Control Staph anfens without pcmoillin 
Standard coll, 0 02 u/ml penicillin 
0 1 u/ml penicillin added 3 day's prenously 
0 05 ,, ,1 j» " ” 

0 025 ,, ,, „ » ” 


> 60 colonies 
ml (4 exceptions) 
ml 
ml 

ml (3 exceptions) 


In the 3 cases out of 16, and in the 4 exceptions where growth 
had occurred in the standard, all showed fewer than 10 colonies 
From this it is concluded that in the test tubes the pemcilhn had not 
detenorated sigmficantly below a concentration of 0 02 unit per ml 
Where the growth of loptospirie had been inhibited the tubes were 
left for three further days at 28“ C , but the organisms did not recover 
and further subculture did not enable them to pick up Borg Petersen 
and Schmidt, however, found that after 28 days leptospirm reappeared 
m dilutions of penicdlm below 0 3 imit 

During this lesearch it was observed that the size of the inoculum, 
BO far as this could be estimated, appeared to influence the groivth 
of leptospirie in media to winch either penioilhn or streptomycin had 
been added The larger the inoculum the moie readily the organisms 
grew A large carry-over is necessary to ensure that the orgamsms 
will pick up m subculture Tlius it is difficult to say from tlus 
observation how far the efficiency of the added inhibiting substance 
IS influenced by inoculum size Nevertheless, the larger inooula used 
in this senes may explain why the concentration of pemcilhn found 
necessary for complete inhibition of growth is shghtly greater than 
that found by Borg Petersen and Schmidt 

Table III shows the endpoint of the mlubition aolueved by 
pemcilhn in the m-vitro cultures of the loptospirie studied in this 
experiment 

'Table HI 


Inhibition of the commoner pathogenic leptospirce by penicillin 


Organism 

ConcenlRitlQii of penicillin In units pet ml 

0 02a 

0 05 

0 1 

0 25 

0 5 

L teierohannorrhagtee R G A 

Partin! 

Subtotal 

Total 




AB 

Partial 

Total 





Cockbwm 

Subtotal 

Subtotal 

Total 




W jjnberg 

Kil 

Partial 

Partial 

Subtotal 


L gnppotyphosa 

Vady 

Partial 

Subtotal 

Total 




Nil 

Nil 

Partial 

Totol 


h cantcola 


Nil 

Partial 

Partial 

Subtotal 


L balance 


Partial 

Subtotal 

Total 




Discussion 

Of the strains of L icterohaimorrlmgiai tested only “ Buckland ” 
was resistant to the higher concentrations of pemcillin and stropto- 
iiij cm, w liile the classical R G A strain partially resisted the action 
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of 5 units per ml. of streptomycin. Unfortunately the strain 
‘ Jackson ”, originally reported resistant to penicillin (Abraham ei al), 
has died out and its degree of insusceptibility cannot be ascertained’ 
The avirulent strain “ Wijnberg ” was not wholly inhibited by a 
penicillin concentration of 1 unit per ml. It would appear therefore 
that there are strain variations within tins species of Leptospira which 
would account for the conflicting results so far reported. 

The only other extensive investigation into the susceptibility of 
leptospirse to penicillin is that of Borg Petersen and Schmidt, whose 
results, if their Danish units are converted into international units, 
are very similar to those here reported. ‘ 

Of the remaining species investigated, the commoner European 
pathogens L. canicola (Walch'Sorgdrager, 1939) and L. grippotypTiosa 
(Prausnitz and Lubinski, 1926 ; Buckland and Stuart, 1945) are 
susceptible to penicilhn in vitro in concentrations below 1 unit 
per ml. L. grippotyphosa grew very sparsely in 5 units per ml. of 
streptomycin. 

Of the strains investigated in the second experiment all were 
susceptible to concentrations below 1 unit per ml. except L. ictero- 
licemorrliagicB Wijnberg, which is avirulent. 

Penicilliu and streptomycin both severely retard the growth of all 
leptospiras, but a greater number appear relatively less susceptible 
to streptomycin than to penicillin. This is in conformity with the 
experience of Waksman and Schatz (1945), who found penicillin 
more effective than streptomycin in vivo. 


Value of penicillin and streptomycin in vivo 

It is not justifiable to draw unqualified deductions from the results 
obtained in vitro concerning the probable efficiency of these anti- 
biotics in vivo, but Larson and Griffiths and Borg Petersen and 
Schmidt found penicilhn therapeutically effective against their strains 
of L. icterohcemorrhagioe, provided that adequate concentrations could 
be estabhshed in the blood very early in the infection and thereafter 
maintained. 

The only strain investigated extensively in this laboratory for 
virulence to the guinea-pig was the “ Cockburn ” strain of L. ictero- 
hcemorrhagim, with which' it was found that unless penicillin (500 units 
three times a day) was administered within 24 horns of infection 
the animals died. These deatlis may be explained by the observation 
that very early in the experimental infection profound changes occur 
in the renal circulation wliich may render the leptospiras already 
present in that organ inaccessible to the circulating antibiotics (Wylie, 
19466). This might partially explain also the findings of Borg Petersen 
and Schmidt, who found leptospirse in the Iddneys of guinea-pigs 
which had been treated with penicillin 3 months premously. Guinea- 
pigs do not tolerate such massive doses of penicillin as might theoretic- 
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ally have achieved a sufficient concentration to kill the more resistant 
organisms (Hamre el al, 1943 ; Borg Petersen and Schmidt, 1946). 

Heilman (1945) found streptom 3 'cin effective in animal protection 
experiments. Waksman and Schatz investigated the effect of 
streptomj'oin and penicillin upon hamsters injected with L. ictero- 
hcanorrhagtce and reported that both antibiotics were capable of 
preventing death, although penicillin appeared to be the better in 
that less was required for protection. 

Reports on the beneficial effect of penicillin administration in 
cases of human Weil’s disease have been guarded, as relatively few 
cases have been treated. Clinically the tendency is for the patients 
to recover spontaneouslj', and there are often periods of quiescence 
followed by relapse ; a very large series of cases would therefore be 
necessary for a conclusive demonstration of the value of penicillin 
therapy. In human infections with a sensitive strain it is reasonable 
to expect a lower relapse rate after continuous penicillin administra- 
tion and this has in fact been reported by Bulmer (1945). Reports 
do not appear to be available as to the value of streptomycin in 
human Weil’s disease. 

Whether or not the leptospirm grew in the dilution of penicillin 
tested, no significant difference was observed in the size of the rings 
produced. It seems likely, therefore, that none of the strains produced 
penicillinase under the conditions described. 

SOTDURy 

1. Twenty-nine strains of leptospirse were tested in vitro against 
penicillin and streptomj'cin. 

2. In the concentrations tested, both antibiotics partially or 
completely inhibited all the strains ; there was considerable variation 
in susceptibility between species, but most of the common pathogens 
were completely inliibited by 0'5 unit per ml. or less. 

3. Strain variation in resistance was shown within the species 
L. icterohwmorrhagice. 

4. On the whole, on a weight basis, penicillin was more inhibitorj' 
than streptomycin. 

5. None of the organisms tested produced penicillinase. 

I am grateful to Dr C. Borg Petersen, who provided many of the European 
and all the oriental strains, to Dr E. S. Duthie and Miss Pearl Bowdery for 
assistance with the penicillin assays, and to Dr M. A. Jennings, whose advice 
and suggestions were invaluable. 
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of 5 units per ml. of streptomj^cin. Unfortunately the strain 
“ Jackson ”, originally reported resistant to penicillin (Abraham et al), 
has died out and its degree of insusceptibility cannot be a.scertained! 
The awulent strain “ Wijnberg ” was not wholly inhibited by a 
penicillin, concentration of 1 unit per ml. It would appear therefore 
that there are strain variations within tliis species of Leptospira which 
would account for the conflicting results so far reported. 

The only other extensive investigation into the susceptibility of 
leptospir^ to peiiicmin is that of Borg Petersen and Schmidt, whose 
results, if their Danish units are converted into international units, 
are very similar to those here reported. ' 

Of the remaining species investigated, the commoner European 
pathogens L. canicola (Walch-Sorgdrager, 1939) and L. grippotyplosa 
(Prausnitz and Lubinski, 1926 ; Bucldand and Stuart, 1945) are 
susceptible to penicillin in vitro in concentrations below 1 unit 
per ml. L. gYippotyphosa grew very sparsely in 5 units per ml. of 
streptomycin. 

Of the strains investigated in the second experiment aU were 
susceptible to concentrations below 1 unit per ml. except L. ictero- 
ImmorrliagicB Wijnberg, which is avirulent. 

Penicillin and streptomycin both severely retard the growth of all 
leptospirse, but a greater number appear relatively less susceptible 
to streptomycin than to penicillin. This is in conformity with the 
experience of Waksman and Schatz (1945), who found penicillin 
more effective than streptomycin in vivo. 


Value of penicillin and streptomycin in vivo 

It is not justifiable to draw unqualified deductions from the results 
obtained in vitro concerning the probable efficiency of these 'anti- 
biotics in vivo, but Larson and Griffiths and Borg Petersen and 
Schmidt found penicillin therapeutically effective against their strains 
of L. icterohceniorrhagioe, provided that adequate concentrations could 
be established in the blood very early in the infection and thereafter 
maintained. 

The only .strain investigated extensively in this laboratory for 
virulence to the guinea-pig was the “ Cockbum ” strain of L. ictero- 
Ticentorrhagioi, with which' it was found that unless penicillin (500 units 
three times a day) was administered within 24 hours of infection 
the animals died. These deaths may be explained by the observation 
that very early in the experimental infection profound changes occur 
in the renal circulation which may render the leptospirse already 
present in that organ inaccessible to the circulating antibiotics (Wylie, 
19466). This might partially explain also the findings of Borg Petersen 
and Schmidt, who found leptospirae in the ludneys of guinea-pigs 
which had been treated with penicillin 3 months previously. Guinea- 
pigs do not tolerate such massive doses of penicfllin as might theoretic- 
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SOJIE CHARACTERS OF COAGULATION NECROSIS 
DUE TO MUSTARD GAS 

B. D. PULUNOEB 

From the Laboratories of the Imperial Cancer Research Fund, London 

. (Plate XXIX) 

Dmiixo the course of -n'ork on the action of mustard gas on the 
rabbit’s eye (Mann and Pullinger, 1941-42) it became ueoessar 5 ' to be 
able to classify this action in terms of general pathology. The 
provisional classification of the akin lesion as a blister or a burn was 
too wide to do more than relate it on the one hand to friction, ultra- 
violet light and many other vesicant agents or, on the other, to heat, 
caustic action and a variety of chemical burns. The long accounts 
by Warthin and Weller (1918-19) of experimental and post-mortem 
observations on animal and human lesions do not enable one to 
classify them except as necroses, nor do they help one to account for 
the fact that the corneal lesion in the substantia propria does not 
ulcerate out unless complicated by protracted vascularisation and 
lipoid degeneration. Dean and Swann (1924) observed slow progressive 
necrosis which extended into the deeper layers of the dermis of rabbits. 
The progressive nature of the lesion was emphasised by contrast with 
heat burns, in which the whole damage was found to be immediate. 
Heat bums did not progress nor was their course affected by subsequent 
degenerative changes. Tliese authors ascribed the greater delay, by 
one week, in the healing of a mustard gas lesion to degeneration of 
blood vessels and to acute inflammation which were found for long 
periods after the application of a solution of 2 per cent, liquid mustard 
gas in alcohol. It is possible that this solvent modified the course of 
the lesion. In experiments described below using liquid mustard gas 
alone, vascular exudates and extravasation of red blood corpuscles 
occurred constantly but vascular degeneration was not a feature of 
the early stages of the process. The tissue was destroyed by 
coagulation necrosis ; a blood and lymph circulation existed rvitliin 
the lesion for several days wliile necrosis was extending ; the circulation 
was then arrested suddenly about the sixth to the ninth day and the 
dead mass was separated and lifted out like a sequestrum, apparently 
by the action of polymorphonuclear leucocytes in a dense marginal 
zone. The separation of a slough or sequestrum in this way was seen 
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also by Dean and Swann, as was the beginning of epithelial regeneration 
beneath the slough before its complete separation. The slow progress 
of the lesion seems to be due to delay in dying and being cast off 
rather than to delay in healing. In this devitalised state it is a 
suitable medium for bacterial growth. The actual cause of the 
separation of the slough is probably some other factor acting alone or 
together with the polymorphs, for these are present in the corneal 
lesion (PuUinger and Mann, J943), yet the substantia propria does 
not slough out. 

Chemical observations on the reactions in vitro of liquid mustard 
gas and collagen by Pirie (1947) and in vivo of liquid mustard gas and 
skin by Berenblum (1940) throw considerable light on the nature 
of the coagulation necrosis and may explain its peculiar features. 
These are referred to in the discussion. 

Methods 

The local action of mustard gas was examined on mouse skin and ears by 
techniques previously described (PuUinger and Florey, 1937; PuJIinger, 1940). 
A very small drop of the liquid was delivered from a capillary pipette on to an 
area of skin at the back of the neck from which the hair had been clipped. At 
frequent intervals from 12 hours to 16 days afterwards two or three mice of the 
series were killed and the skin dissected off and fixed in Zenker’s fluid. Unfixed 
frozen sections were also examined at earlier stages. Mouse ears similarly 
treated with liquid mustard gas coloured with sudan black (fig. 1 ) were examined 
in the living state with a binocular microscope from the moment of application 
and a parallel series by microscopy after fixation, hymphatio injections were 
made with india inlt as hydrokollag was not obtainable.' A tendency to leakage 
of india ink exists independently of any lesion and the leakages shown in the 
illustrations are probably due to this tendency alone. Permanent preparations 
were made by fixing the ears after injection in 10 per cent, formol-saline, 
dehydrating and clearing in glycerine and mounting in glycerine jelly. 


Results 

The time of onset of hyperaemia and oedema seen in the living 
ears varied considerably. (Edema was just apparent but not consider- 
able in 2-3 hours and by then a few arteries and veins had become 
more conspicuous. By 12-15 hours the ears were swollen with oedema 
fluid. By this time, also, epidermal nuclei had become visible in 
unfixed frozen sections, indicating that these cells were now dead. 
By then, also, arteries and veins were engorged, while oedema extended 
beyond the treated region, as revealed by staining of the sebaceous 
glands with sudan black, where the liquid mustard gas bad been 
applied (fig. 1). By the second day the whole ear was much swollen 
with fluid but it was possible to see blood still flowing through the 
treated region, which was pale compared with the rest of the ear. 
A few small-caiibre vessels were visible in this pale zone and the blood 
flow through them could be interrupted by light pressure from a glass 
rod. When the rod was lifted the flow continued again. If the whole 
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pale region was gently stroked numerous small -vessels filled rvith 
blood, revealmg a larger potential circulation Palloi was due not to 
occlusion of all the vessels but to contrast with surrounding hyper- 
lemia and extravasation of red blood corpuscles Ljunphatio channels 
in the lesion Here also patent, as shown by micro injection with mdia 
ink (figs 2 and 3) These appearances remained almost unchanged for 
about 6 9 days, a tune which varied from mouse to mouse Occlusion 
of all vessels witliin the lesion then became apparent for the first 
time (fig 4) 

Meanwhile the fixed microscopic sections of slaii and ears showed 
that a gradually extendmg and finally massive coagulation necrosis 
had already become recogmsablo by the second or third day The 
tissue was swollen , the shape of the epithehal cells, nuclei and 
connective tissue structures was preserved, though the staiiung 
reaction was defective m the cytoplasm and absent from the nuclei 
The contrast in staining capacity between this dead epithelium and 
epithehum stimulated to hyperplasia at the edge of the lesion was 
strilung Previous to this, signs of cell death were scattered , there 
was gross swelhng and oedema, a large fibrinoid coagidum lay beneath 
the panmouhis camosus equal in thicloiess to skin and subcutaneous 
tissue, and though actual fibrin could never be demonstrated, there was 
shght morease in leucocytes and macrophages, while here and there the 
epidermis was separated from the dermis Vessels contaimng blood 
corpuscles were patent, as were also the lymphatics Extravasated 
blood corpuscles were seen 

After the 0th to the 9th day the dead tissue shrank m situ, became 
glass bite and transparent in the cars and, in sections, retamed only 
the outhnes of the constituent parts Collagen became a poorly 
stainablc homogeneous mass Hyahne thrombi were seen in some 
vessels An increasing number of polymorphs appeared in aU specimens 
and bacterial colonies in many Separation of this dead and now 
bloodless tissue was gradually effected, apparently by the action in 
whole 01 in part of masses of polymorphonuclear leucocytes and by 
tongues of regenerating epithelium which dipped down from the 
hyperplastic edge between the dead and viable parts In mouse ears 
examined six months after apphcation, the scar was avascular and 
devoid of lymphatics 

The maintenance of a blood circulation after the appearance of 
coagulation necrosis rules out death by vascular occlusion and 
infarction Occlusion occurred 4 7 days later 

The piesence of a circulation through the cedematous tissue 
shows that the oedema fimd is attracted to and held in the lesion 
by an active osmotic force greater than that inside the vessels 
It IS not a passive oedema duo to lack of open channels for drainage 
A similar active force probably accounts for the obstmate corneal 
oedema 


It 
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Discussion 

According to chemical experiments on the interaction in vitro of 
liquid mustard gas and collagen an insoluble compound is formed 
which is not digested by proteolytic enzymes (Pirie). Berenblum 
found that liquid mustard gas gives a precipitate when added to 
cold water extracts of skin. This precipitate has a relatively high 
phosphoins content, suggesting that it contains nucleoprotein. The 
union of mustard gas with nucleoproteins was confirmed, using 
thymonucleoproteins . 

The distinguishing pathological feature of coagulation necrosis is 
failure of the dead tissue to be absorbed or hquefied. It retains 
meanwhile the outline of the living minute structures, though not 
the same avidity, after fixation, for stains. In particular nucleo- 
chromatin fails to be stained, though the site and shape of the former 
nuclei and nucleoh may remain visible for a long time. It seems 
likely tbat this form of coagulaiion necrosis in contrast with other 
kinds of necrosis is due to relative insolubifity of the dead product 
of tissue and poison. The poison may be laboratory made or produced 
by bacteria in situ (for example, diphtheria toxin), and it may have 
many other actions in the tissues unrelated to necrosis, especially 
those causing hypersemia, oedema and exudates of cells and plasma. 
Agents of coagulation necrosis differ from good fixatives — ^for example 
mercury salts, formalin or picric acid, which also form insoluble 
protein conjugates — in that these permit subsequent vivid staining of 
cytoplasm and chromatin. The nuclear change in coagulation necrosis 
is usually described as a lysis. Nuclear chromfitin, though no longer 
capable of being stained, may nevertheless be present in a new and 
insoluble compound. The fact that its site and shape and those of the 
nucleoli remain visible in the mustard gas lesion, though uncoloured, 
supports this view, as does the indirect evidence provided by Berenblum. 

Soluble conjugates of mustard gas and serum proteins have been 
obtained by Berenblum and WormaU (1939). They were antigenic 
and gave rise to precipitins and complement-fixing antibodies on 
injection into horses, rabbits and guinea-pigs. Two other chemicals, 
benzoylchloride and o-chlorbenzylchloride, which are known to combine 
with proteins and which give rise to skin sensitivity after the manner 
of an antigen (Medveczky and TJhrovits, 1931 ; Landsteiner and 
Jacobs, 1936), were found by the same technique as was used for liquid 
mustard gas to cause coagulation necrosis, though not to the same 
depth in the skin. There is evidence therefore that combination of 
all these poisons with some of the tissue proteins results in coagulation 
necrosis and that this product is relatively insoluble. Soluble com- 
pormds also are formed with the same chemicals and other proteins, 
for example, serum proteins. It may be that these are responsible 
for the systemic sensitisation which is a feature of all of them. If 
however any part of the internal tissue is destroyed by coagulation 
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Fro 1 — Portion of n mouse car Distnluition 
of tlio mustard gas is sliovm by sebaceous 
glnmJs (A) coloured uith sudnn black 

xio 



Fio 3 — LjTuplmtics of n mouse ear lujcctod 
uith mdia ink 4 dajs after apphcatioii of 
mustard gas Sebaceous glands are no longer 
MSiblo ScNCral arteries anti atins nro 
potent and \isible m the treated region (C) 
oround xlO 



Tic i — Lymphatics of another mouso ear 
injected with india ink 24 hours after 
opphcntioTi of mustard gns Coloured 
sebaceous glands nro still \ isible and also 
some blood vessels (B) x 10 



Fir 4 — Lvmpliatics of a mouso ear injected 
7 da>s after the appUcntion of mustard gas 
Lvinphaties and blood vessels m the treated 
region (D) arc occluded x 10 
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necrosis or any part near the surface faik to be cast o£F, it may serve 
as a long-continuing, very slowly soluble source of antigen. Absorption 
of the mustard collagen, prepared in vitro^ does eventually take place 
when introduced under the skin of living animals (Pirie). 

The similarity in the appearance and behaviour of coagulation 
necrosis due to poisons and infarction due to sudden vascular occlusion 
has always been a puzzle, because the two causes have apparently 
nothing in common. The observations here recorded do not provide 
any suggestion as to how tissues might be rendered insoluble through 
sudden cessation of their blood supply, yet appear to be of sufficient 
interest to be put on record and may stimulate the co-operation of 
hiochemiats in solving pathological problems which certainly have a 
chemical basis. 

Summary 

1. The local skin lesion caused by liquid mustard gas in mice is 
coagulation necrosis. It is accompanied by large vascular exudates. 

2. Blood circulates through the lesion for a few days after necrosis 
has occurred and patent lymphatics traverse it. 

3. Vascular occlusion occurs after 6-9 days. The dead tissue is 
then cast off as a slough. 

4. The slow progress of the lesion is due to delay in dying and in 
being cast off. Marginal epithelial healing begins before final separation 
of the slough. 

6. Collagen and nucleoproteins have been found by Pirie and by 
Berenblum respectively to combine with liquid mustard gas to form 
insoluble compounds, 

6. It is suggested that the peculiar property of coagulation necrosis 
is failure to liquefy or be absorbed and that this failure is due to 
insolubility of the dead product of tissue and chemical compound. 

^ Publication of this paper has boon made possible by permission of the 
Director General of Scientific Research (Defence) of the Ministry of Supply. 
The specimen of o-chlorbenzylclUoride was kindly provided by Mr Pord Moore 
of the Ministry of Supply. The micro-injection apparatus was lent by the 
Government Grants Committee by courtesy of Professor H. W. Florey, 
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ADAPTATIONS OF THE MACFARLANE 
LECITHO-VITELLIN TEST* 


CoEA R. Owen, John L. Lanoohr and Euzabeth Blakely 

From the Surgical Fesearc^i Lahoratonea of Harvard Medical School at the 
Massachusetta General Hospital, Boston, Maes , XJ.S.A. 


Determination of the toxigenicity of strains of clostndia or of the 
antitoxin titre of a serum by the injection of animals is a cumbersome, 
expensive, and time-consuming process, necessitatmg a large number 
of animals to discount the variables. While ammal toxicity and 
protection is the direct and accurate approach and the standard 
method, a simple, inexpensive technique for a presumptive test 
should greatly facilitate investigation in fields in which toxigemcity 
of the clostndia is a problem, permitting greater numbers of 
determinations. Reports in the hterature of the reaction of the alpha 
toxin of Cl, welchtt on lipoprotein substrates have already suggested 
a basis for the development of such a simplified technique. 

Seiffort < 1939) noted that the to\.m of Cl. u’eic/itt could produce an opalescence 
m normal human serum He nas unable to elicit this reaction with other 
toxins or with Cl. welchu toxoid and felt that it was not inhibited by specific 
antito\m. Independently Nagler (1939) noted this same phenomenon, found 
that it was common to the toxins of all of Wilsdon’s four types of Cl welchix, 
and demonstrated that it could be prevented by specific antitoxin. Using this 
reaction he was able to titrate both unknown Cl, welchii antitoxin and un- 
unknown Cl. welchtt toxm independently and found that his results compared 
well Tvith those obtamed by intravenous injection of toxin antitoxm mixtures. 
He also demonstrated that Cl a^ematiens. Cl. septique, Cl. chauvoei. Cl. histo 
lyticwn. Cl. sporogenes, Cl terlium. Cl. fetani and CL botuhmim did not produce 
this opacity m serum. 

Macfarlane, Oakley and Anderson (1941) were convmced that this reaction 
was produced only by the alpha toxin of Cl. welchn and shoued that it could 
be prevented by any Cl welchn antitoxin which contained sufficient alpha 
antitoxm They also believed that the opalescence was due to free fat and 
that the fat was split from lipoproteins by the alpha toxm through an enzjonatic 
reaction m the presence of lomzed calcium. They compared the reactions of 
various mixtures of toxm antitoxm, using red cell h'cmoljsis, opalescence of 
human serum, and opalescence of a crude lecitho vitellm mixture prepared from 
®8S yolk as end points, and found that the results ran parallel Estimation 
of the ramimal ofiective dose of alpho toxm against the same mdicators showed 
that the lecitho vitellm mixture was the most sensitive. 

Macfarlane and Knight (1941) proved conclusively that this phenomenon 
was governed by the djTiamics of enzymatic reactions, and elaborated on the 


• The work described m tins paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Pe\ clopmcnt and Harvard Univ ersitj . 
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factors wliioh facilitated, and inhibited its demonstration. They also showed 
that alpha toxin contains a lecithinaso. Weed and his collaborators {Weed. 
Forney and Carter, 1942 ; Weed, Minton and Carter, 1942 ; Weed and Minton', 
1942-43) were sceptical of tlie specificity and value of the reaction and presented 
evidence to substantiate their impressions. But close perusal of their data 
suggests that in some cases they were not observing the true reaction and that 
they were introducing extraneous factors which are known to inhibit or elicit 
the reaction. Also, these conclusions are in direct opposition to those arrived 
at by Crook (1942), Oakley and Warracfc (1941), Hayw^ard (1943), Lyons (1942) 
and %'an Heyningen (1941). Hayw'ard, in adapting the Nagler reaction to a 
rapid method of identifying Cl. welchii, confirmed the value of the test, showed 
that some of the sporogenes-sordelli-hifermentans group produced a leeithinase, 
and provided evidence that while some non -toxigenic strains of Gl, luelchii 
gave positive reactions, no toxigenic strain gave a negative reaction, van 
Heyningen presented data to confirm the specificity of the reaction and developed 
rather conaplicated, delicate test procedures for the accurate titration of alpha 
toxins and alpha antibodies. 

Granted that the JSTagler human-serum reaction and the lecitho- 
vitellin reaction of R. G. MacfarJane are due to the action of a 
leeithinase on a lipoprotein substrate, and that the alpha toxin of 
Cl. toelchii contains a leeithinase, it should be possible to set up 
simple tests with proper controls demonstrating the presence of, and 
roughly estimating, alpha toxin and alpha antitoxin. 

In this laboratory we have found a modification of the Macfarlane 
lecitho-vitehin reaction extremely useful for ascertaining the toxicity 
of strains of Gl. welchii and for estimating the amount of Cl. toelcMi 
alpha antibodies in sera. 

Methods 

I. Preparation of the lecitho-vitellin solution {Macfarlane et al., 1941). Tlw 
yolk of one egg is shaken in a flask with glass beads and 260 c.c. sterile physio- 
logical saline until homogeneous. After centrifuging to tlwow down the larger 
particles, the supernatant is passed through a sterile Seitz filter (E.K.), giving 
a pale yellow filtrate which is stored in closed sterile fiaslcs under refrigeration 
until used. In our experience the mixture, even when sterile, becomes opalescent 
and unsuited for use after about two weeks. 

II. Test for alpha toxigenicity of strains of Cl. welchii. An 18-hour meat- 
tube culture of the strain to be tested is filtered through an L3 Pasfeur- 
Chamberland filter candle. Using sterile technique, 0’6 c.c. of the filtrate is 
mixed rvith 0-5 c.c. of the lecitho-vitellin mixture in a sterile Wassermann tube. 
Two controls axe set up ; one of 0'5 c.c. of the filtrate mixed with 0‘5 c.c. of 
physiological saline, the second of 0-5 c.c. of sterile meat-tube broth wdr 
0-5 c.c. of leoitho-vitellin mixture. Test and controls are then incubated at 37° 0. 
and hourly readings of alpha toxin levels are made until maximum reaction is 
reached, as follows : 


Reaction 

Alpha toxin 
level 

Alpha toxin 
titre 

No difference from controls 
Opalescence .... 
Opalescence and turbidity 

Heavy turbidity 

Separation : scum over clear fluid 

None 

Minimal 

Low 

Moderate 

High 

-f 

+ + 

+ + + 

-f- + + + 
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III Test for inactnatioti of Cl welohii alpha toxin by antiserum {estimation 
of levels of alpha antibodies tn unknown sera) 1 0 5 c c of Ultored 18 hour 
meat tube culture of a loioun virulent etram of Gl nclchn is mi^ed in a stenie 
Wa'isermann tube with 0 5 c c of the serum to be tested One control of 
0 5 c c of the culture filtrate 111111 0 5 c c of sterile broth and a second control 
of 0 5 c c of the culture filtrate with 0 5 c c of univalent Cl uelchn antito\m 
are also set up The test and two controls are incubated overnight at 37'’ C 
2 0 1 c c of the abov e test solution is added to 0 9 c c of lecitho vitellm 
mixture for the test The same is done with each of the controls and they are 
all further meubated for 18 hours at 37® C Readings are then made as follows 


Unknot\-n fenim 

Broth control 

Ant UoTln control Alp! a antil ody le\cl 

Alpl a antiliody 
tltn. 

+ 

+ + 

4- + + 

+ + -*- + 

4-^4- A- 
++ + + 

-f + 

+ -^ + + 

+ + + + 

— = high 

— = moderate 

— = lou 

— = \ ery low 

— = none 

4.^4- 4 . 

J. 4 . 4 . 

4 - 4 . 


— equals no opalescence and + to + + + + are grades of opalescence through 
turbiditj and separation as m tho alpha toxin end point readings 


Thus controlled any alteration from the controls can certainly bo attributed 
to alpha toxin lecithinase activity 


Besults 

Using tho above teohmques the alpha toxigenioity of 28 strains of 
Cl uelchn and 37 strains of other clostndia was tested Of these 
strains 25 (2 Cl welchti and 23 other clostndia) were obtained from 
the laboratorj of Dr I\ an C Hall, Presbyterian Hospital, New York 
Citj The remainmg strains (26 Cl welcJin and U other olostridia) 
were isolated and identified in this laboratory from patients in this 
hospital The results, which represent many repeated mdepondent 
tests, are shown m table I 

In the earlj part of the experiments, when the tests were set up 
without aseptic teohmqiie. a number of quasi positive tests (mild 
opalescence) were encountered The opalescence was of a degree that 
might be expected merely from baotenal groivth m the test solutions 
and was completely eliminated by the use of aseptic techmques A 
second difficulty was encountered when one of tho strains of Cl letani 
persisted in gi vmg a strongly positix e icaction Tlus could be prevented 
bj the addition of specific Cl welchn antitoxin but not Cl tetam 
antitoxm and was found to be due to contammation with Cl welchn 
When the culture was punfied no positive reaction could be obtained 

Of the 28 strains of Cl welchn, 25 gave readings indicating lugh 
ley els of alpha toxin Some of these reactions were delayed and all 
could be completely inhibited by specific Cl welchn antitoxm but 
were uninfluenced by specific Cl tetam antitoxm With the exception 
of one stram each of Cl bolultnum A and B, all other clostndia tested 
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gave negative reactions. These included 9 strains of the spowgmes- 
bifennentans-sordelli group. The strongly positive reactions of the 

Table I 


Alpha toxigenicily of Clostridia 


Organism 

Xo. of strains 
tested 

Alpha toxin 
level 

Time to 
tcaxlmum 
reaction (liours) 

Cl. welchii ...... 

15 

+ + + + 

3 


5 

+ + + + 

4 

>» »t - • • • » . 

1 

+ + + + 

5 


1 

+ + + + 

0 

»»»»••*••• 

3 


18 

»» »» • • » ... 

1 

+ + 

18 


2 


18 

01 . botulinum A . 

1 

+ + + + 

4 

»» j» B • . . . , 

1 

+ + + ■)- 

3 

Cl. fertium ...... 

5 


18 

Cl. bifermenians ..... 

4 



18 

Cl. sordelli ...... 

3 



18 

Cl. septicum ..... 

2 

— 

18 

Cl. sporogenea ..... 

2 


18 

Cl. histolyticum ..... 

2 



18 

Cl. putrificum ..... 

2 

— 

18 

Cl. tetani ...... 

2 


18 

Cl. multifermentans .... 

0 


18 

Cl. filamentoaum ..... 

1 


18 

Cl. tetanomorphum .... 

1 


18 

Cl. novyi ...... 

1 


18 

Cl. sphenoidea ..... 

1 

— 

18 

Cl. fallax 

1 


18 

Cl. unidentified ..... 

6 


18 


2 strains of Cl. botulinum could not he inhibited by either specific 
Gl. welchii or Cl. tetani antisera. No specific botulinum antisera were 
available. 

Table II shows the correlation of levels of alpha toxin as determined 
by the lecitho-vitellin technique and mouse toxicity. The mice were 

Table JJ 

Correlation of alpha toxin level and mouse toxicity in strains of Cl. welchii 


No. of strains 

Alpha toxin level 

Time to roaxlmum 
reaction (hoots) 

Mouse toxicity • 

13 

+ + + + 

3-0 

+ 

2 

+ + + + 

3-0 

— 

1 

+ + + + 

18 

+ 

1 

+ + + + 

18 

— 

1 

+ + 

18 

— 

2 


18 



* + = mouse died in 18-36 hours. — =, mouse survived 48 hours or longer. 


injected intramuscularly with 0-2 c.c. of the culture, both with and 
without 0-1 c.c. of 2| per cent. CaCla. Correlation is not absolute ; 
not all strains with an indicated high level of alpha toxin are uniform 3^ 
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toxic for the mouse. However, there is confirmation of Hajnvard’s 
observation that no strain with a negative reaction is toxic for the 
mouse. Further, the large majority of strains giving a strongly 
positive reaction early are toxic. Thus, like the Nagler reaction, this 
test gives false positive lethal alpha toxigenicity readings but never 
false negative readings. Actually, because it is more sensitive than 
the Nagler reaction, its proportion of false positives should bo higher. 
In clinical practice, therefore, if a strain gives a negative reaction one 
may be justified in dismissing it as non-toxigenic so far as alpha toxin 
is concerned. 

Sera from 36 dogs and cats were tested for alpha antibody levels 
using the described technique and the results are listed in table III. 

Txbie hi 

Alpha antibody litres in unknown sera 


Serum 

Teat serum reading 

Droth control 
reading 

Spcelflc antitoxin 
control reading 

Alpha antibody 
level 

Dog 

1 


+ + + + 



2 

+ 

4* 4-4' 4- 

— 

4*4*4" 

3 

+ 

+4-4-+ 

— 


4 

4* 

4- + +4* 

-- 

4" 4*+ 

5 

— 

++++ 

— 

++++ 

6 

— 

4* 4- 

— 

++++ 

7 

+++ 

4-4-4--f 

— 


8 

4“ 

++++ 

— 

++ + 

9 

++ 

4- 4* 4- 4* 

— 

+ + 

10 


++++ 

— 

++ 

11 

+++ 

++++ 

— 

+ 

12 

+++ 

++++ 

— • 

+ 

13 

+ 4- 

++++ 

— 

++ 

14 

+ + 

++++ 

— 

++ 

15 

4 -+ 

++++ 


++ 

10 

4- + + 

++++ 

— 

+ 

17 

+ 4-4-4- 

+++ + 

— 


18 

+ 4 - 

++++ 

— 

++ 

19 

+ +++ 

++++ 

— 


20 

+ 

++++ 

— 


21 

+ +++ 

++++ 

— 


22 

4- 

++++ 

— 


23 

— 

++++ 

— 



— 

++++ 

— 


25 

— 

++++ 


++++ 


— 

++-t-4- 

— 

++++ 


— 

++++ 

— 

++++ 


— 

++++ 

— 

++++ 


— 

++++ 


++++ 


— 

++++ 

— 

++++ 

31 

+ + + 

++++ 

— 

-f 

32 

— 

++++ 


++++ 


+ 

++++ 

— 

+++ 

34 

++ 

++++ 

— 

++ 

Cflt 





o 

- 

++++ 

++++ 

- 

++++ 

++++ 


It had been our experience that these animals had rather lugh natural 
alpha antibody titres and they were considered ideal test animals. 
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gave negative reactions. These included 9 strains of the sporogenes- 
bifermenians-sordelli group. The strongly positive reactions of the 

Table I 


Alpha toxigenicity of Clostridia 


Organism 



tSo. of strains 
tested 

Alpha toxin 
level 

Time to 
maximum 
reaction (hours) 

Cl. welchii ...... 

15 

+ + + + 

3 


5 


4 


1 

++++ 

6 

»»»•••••« 

1 

++++ 

6 

ft • * • • • . 

3 


IS 

” 

1 

+-f 

18 

Cl. boiulinum A , 

2 

— 

18 

1 

4- + + -f- 

4 

»» )* B , , . , . 

1 

"f" "f 4* 4" 

3 

Cl. tertiiim ...... 

6 


18 

Cl. bifermentans ..... 

4 


18 

Cl. sordelli ...... 

3 



18 

Cl. septicum ..... 

2 


18 

Cl. sporogenes ..... 

2 

— 

18 

Cl. hislolyticum ..... 

2 


18 

Cl. putrificum ..... 

2 

— 

18 

Cl. tetani ...... 

2 


18 

Cl. muUifermentans .... 

2 

— 

18 

Cl. fdamentosum ..... 

1 

— 

18 

Cl. tetanomorphum .... 

1 

— 

18 

Cl. novyi ...... 

1 


18 

Cl. sphenoidcs ..... 

1 

— 

18 

Cl.fallax ...... 

1 


18 

Cl. unidentified ..... 

6 


.» I 


2 strains of OL hotulinum could not be inhibited by either specific 
Cl. welchii or Cl. ieiani antisera. No specific boiuUnum antisera were 
available. 

Table II shows the correlation of levels of alpha toxin as determined 
by the lecitho-viteUin technique and mouse toxicity. The mice were 

Table TI 

Correlation of alpha toxin level and mouse toxicity in strains of Cl. welchii 


No, of strains 

Alpha toxin level 

Time to maximum 
reaction (hours) 

Mouse toxicity * 

13 

++++ 

3-6 


2 

++++ 

3-6 

— 

1 

++++ 

18 

-h 

1 

+ 4--h4- 

18 

— 

1 

+ + 

18 

•— 

2 


18 



• + = -mouse died in 18-30 hours. — = imouse survived 48 hours or longer. 


injected intramuscularly with 0'2 c.c. of the culture, both with and 
without 0-1 c.c. of 2i per cent. Caag- Correlation is not absolute; 
not all strains with an indicated high level of alpha toxin are uniform y. 
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adrenal tumours and PSEUDO-HERMA- 
PHRODITISM: A HORMONE STUDY OP CASES* 

A M Hain 

Department of Obstetrics and aynaecMlogy, University of Manchester 

(Plates XXX and XXXI) 

In recent years the adrenal cortex has tended to usurp the position 
formerly held by the anterior pituitary os the secreter of an ever- 
moreasing list of substances Among these, attention has been 
directed to the sex hormones, which have been not only isolated from 
the gland itself but also recovered from the urine of persons suffermg 
from abnormal function of the adrenal cortex The two chief groups 
of substances referred to are progesterone (excreted as pregnanediol) 
and androgens (excreted as ll-ketosteroids) , the cortex is also a 
source of oestrogen Disturbances in cortical function, whether due 
to hyperplasia or neoplasia, are accompamed by increased secretion 
of cortical hormones, particularly androgens These give nse to 
that inhibition of feminine characters and functions winch constitutes 
the clinical picture of vinlism — hypertnchosis of male type, menstrual 
dysfunction, and changes in bodily contour, external gemtaha, larynx 
and psychological outlook Tho development of some or all of these 
sjTnptoms after maturity is of not infrequent occurrence, and the 
category of those exhibiting mamfestations of that indefinite entity 
called “ the adreno gemtal syndrome ”, m which the androgen output 
is only moderately raised, is a large one A report of such cases will 
be made at a later date The present study is confined to cases of 
adrenal cortical tumour and to patients with disordered cortical 
function occurring not at or after maturity but ante natally, so as 
to affect sex development at the outset This group compnses male 
and female pseudo hermaphrodites, the former with the gonads of 
tho male, the latter -mth those of the female 

If the chmeal picture of virilism were in direct relation to the 
extent or type of the cortical lesion the climcian’s task uould be 
easy , as it is, it is frequently difficult for him to assess at their proper 
\alue the symptoms of virihsm in women as presented to him An 
adrenal tumour may exist m the absence of marked or even of any 

r ftom Die Inatituto of Animal Gcnetica Uniiersity of Edinburgh, and Lnboratori 
of tho Ho>al Collego of Plijoicians, Edinburgh 
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hirsutism, whereas severe hypertrichosis may be associated with 
apparently normal adrenal secretion. The existence of morphological 
abnormalities of the sexual organs, sometimes without other evidence 
of virilism, calls for differentiation between an error in diagnosis of 
sex {e.g. a male pseudo-hermaphrodite) and the presence of either 
adrenal hyperplasia or an adrenal tumour. In all such cases a 
knowledge of the excretion of the 17-ketosteroids (ix. the urinary 
androgens) can, as a rule, be of great help to the clinician. It is not to 
be inferred that hypertrichosis is solely an accompaniment of adrenal 
anomaly, as it has been found in a variety of unrelated conditions. 
It has also been reported in patients with Cushing’s syndrome whose 
adrenals have been shown to be normal both by a normal to low 
excretion of 17-ketosteroids and by histological examination after 
autopsy. As a measure of the adrenal involvement in this condition, 
the 17-ketosteroids output provides information essential to diagnosis. 

Since the earlier report of a case of adrenal cortical carcinoma 
(Anderson et al., 1943) the hormonal investigation of patients with 
symptoms of virilism has been productive of 6 other cases in which 
adrenal cortical tumours were verified at operation, two of them 
males. In addition eight patients are described whose symptoms 
suggested either tumour or marked hyperplasia of the adrenal cortex. 
Two of these were sisters and in two others one or more members 
of the family were similarly affected. In three instances an error 
was made in diagnosis of sex and in only one of these has cortical 
hypersecretion persisted. In all cases the excretion of the androgens, 
of which the '’17-ketosteroids are the degradation products, was 
estimated ; where possible the output of pregnanediol (the excreted 
form of progesterone) and of gonadotropin was also ascertained, and, 
in a few cases, of oestrogen. 

There has been a clamant need for rapid and inexpensive methods 
of estimating the chief hormones excreted in the urine ; in the 
absence of a chemical test directly apphcable either to the patient 
or to the untreated urine, the methods of extraction and assay to 
be described are in both respects a great advance on those Jiitherto 
in use. By Patterson’s method it is possible to estimate the 17- 
ketosteroids output within 24-30 hours of receiving a small sample 
of urine ; by using kaolin instead of alcohol to precipitate the 
gonadotropin in urine a great saving of expense is effected , 
unfortunately the recovery of pregnanediol is still somewhat lengthy 
and the assay of oestrogens remains long and arduous ; only for 
estimation of the 17-ketosteroids are large amounts of urine not 
required. 

Methods 

n-Ketosteroids. The method of hormone extraction prior to coloriinetno 
assay was that used by Patterson et al. (1942), who generously provided me 
with the detaUs, previously unpublished. Determinations were made on a 
24-hour basis and not per litre of urine, only 20 c.c. being required for analysis. 
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This was taken from tiie bulk of a complete 24-hour specimen preserved with 
toluene, a note of the total volume being sent with tlie small sample. The 
20 c.c. was hydrolysed by boiling under o reflux condenser for 30 minutes with 
0*6 c.c. concentrated sulphuric acid and 2*6 c.c. pure toluene. The cooled 
urine was extracted Uvico with 25 c.c. lots of poroxide-free A.R. ether. The 
ethereal extracts were purified by being washed twice with 3-0 c.c. of a 10 per cent, 
solution of sodium hydroxide and twice with the same amount of a freslily 
prepared reducing agent consisting of 2 g. of sodium hydrosulphite (^028204) 
in 20 c.c. of 0*1 N sodium hj'droxide. Each washing consisted of vigorous 
ghaking with the ethereal extract for threo minutes before allo^ring the chemical 
separation. The ether was washed free of alkali and reducing agent with 
fliree lots of 3 c.c. distilled water, after which it was transferred to a boiling-tube 
containing a Imife-point of Norit charcoal and evaporated slowly at a temperaturo 
not exceeding 42® C. When reduced to 7 or 8 c.c. the other was filtered into 
an evaporating flask through a filter made from a drawn-out test-tube into 
which a plug of cotton wool was fitted : 6 or 6 c.c. of fresh ether were boiled 
up with the Norit charcoal in the boiling-tube and used as wash liquid. The 
ether and toluene were carefully evaporated as before, the latter with the oid 
of a current of air from a bulb-typo bellows fitted with a pipette containing 
a plug of cotton wool to exclude dust. The dry residue was transferred to 
a 15 c.c. test-tube with two or three washings of ether, the ether slowly evaporated 
off and the residue dissolved in 0*6 c.c. piu*e absolute alcohol. 

This alcoholic fraction was used for the colorimetric assay of the 
17-ketosteroids ; these were determined quantitatively by the use of m- 
dinitrobenzene, which gives a red colour in the presence of alkali with compounds 
containing an active methylene group. The colour produced in the reaction 
bos a characteristic absorption band in the green and tlie absorption light in 
this region of the epectruni, measured on a Hilger model Spekkor photo-electric 
absorptiometer with a green filter, was taken as a measure of the H-kotosteroids 
present in the urine. The m-dinitrobenzene used was B.D.H.’8 “ specially 
purified ”, JI.P. 91-92®, which requires to be further purified by the method 
described by Callow cl al. (1938). 

For colour development 0*2 c.c. of the alcoholic solution was transferred to 
a 16 c.c. test-tube, 0*2 c.c. of 2 per cent, w-dinitrobenzone in absolute alcohol 
was added, followed by 0* 1 c.c. of a freslfly prepared solution of 2*6 N potassium 
hydroxide in absolute alcohol. Dr Patterson used an aqueous solution of 
4 N KOH instead of the alcoholic solution of 2-6 N. Whichever method is 
adopted for the calibration curve must be adhered to for the imknowns. The 
test-tube was quickly and tightly stoppered and, after being shaken to mix 
the reagents, was placed in a water-bath maintained at 25® C. for one hour. 
A blank was run at the same time with 0-2 c.c, absolute alcohol and the same 
quantities of reagent os for the unknowns. From the time of adding the reagents 
to the tubes these were shielded from all but dull diffused light. Immediately 
before reading in tho Spek3<er absorptiometer, 10 c.c. of absolute alcohol were 
added to each tube and the contents mixed. Eaoli reading should be completed 
witliin 6 minutes of diluting with alcohol. The ketosteroids value was calculated 
from a calibration curv'e constructed from standard solutions of androsterone 
covering tho range 25-200 gamma per 0-2 c,c. Dilutions of the alcoholic extract 
were made when it was necessary to bring the colour intensity within the range 
of the calibration ciin’e. 

At the conclusion of every estimation test-tubes used for colorimetry must 
bo cleaned with nitric and chromic acid mixture, carefully rinsed and dried in 
a steriliser, 

Prcgnajiedxol, The gravimetric method used was that of Venning (1938). 

Gonadotropin. Instead of expensive precipitation with alcohol, a modifica- 
tion of the kaolin method used by Scott (1940) for tho concentration and 
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hirsutism, whereas severe hypertrichosis may be associated with 
apparently normal adrenal secretion. The existence of morphological 
abnormalities of the sexual organs, sometimes ■without other evidence 
of virilism, calls for differentiation between an error in diagnosis of 
sex {e.g. a male pseudo-hermaphrodite) and the presence of either 
adrenal hyperplasia or an adrenal tumour. In all such cases a 
knowledge of the excretion of the 17-ketosteroids {i.e. the urinary 
androgens) can, as a rule, be of great help to the clinician. It is not to 
be inferred that hypertrichosis is solely an accompaniment of adrenal 
anomaly, as it has been found in a variety of unrelated conditions. 
It has also been reported in patients -with Cushing’s syndrome whose 
adrenals have been sho'wn to be normal both by a normal to low 
excretion of IT-ketosteroids and by histological examination after 
autopsy. As a measure of the adrenal involvement in this condition, 
the 17-ketosteroids output pro-vddes information essential to diagnosis. 

Since the earlier report of a case of adrenal cortical carcinoma 
(Anderson ef al., 1943) the hormonal investigation of patients -with 
symptoms of -vdrihsm has been productive of 6 other cases in which 
adrenal cortical tumours were verified at operation, two of them 
males. In addition eight patients are described whose sjunptoms 
suggested either tumour or marked hyperplasia of the adrenal cortex. 
Two of these were sisters and in two others one or more members 
of the family were similarly affected. In three instances an error 
was made in diagnosis of sex and in only one of these has cortical 
hjpersecretion persisted. In all cases the excretion of the androgens, 
of which the '’17-ketosteroids are the degradation products, was 
estimated ; where possible the output of pregnanediol (the excreted 
form of progesterone) and of gonadotropin was also ascertained, and, 
in a few cases, of oestrogen. 

There has been a clamant need for rapid and inexpensive methods 
of estimating the chief hormones excreted in the urine ; in the 
absence of a chemical test directly applicable either to the patient 
or to the untreated urine, the methods of extraction and assay to 
be described are in both respects a great advance on those* hitherto 
in use. By Patterson’s method it is possible to estimate the 17- 
ketosteroids output ^vithin 24-30 hours of receiving a small sample 
of urine ; by using kaolin instead of alcohol to precipitate the 
gonadotropin in urine a great saving of expense is effected , 
unfortunately the recovery of pregnanediol is still somewhat lengthy 
and the assay of cestrogens remains long and arduous ; only for 
estimation of the 17-ketosteroids are large amounts of urine not 
required. 


Methods 

n-Ketosleroids. The method of hormone extraction prior to 
assay was that used by Patterson et al. (1942), who generously “ 

with the detaUs, previously unpublished. Determinations were ® . 

24-hour basis and not per litre of urine, only 20 c.c. being required for analysis. 
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Hormone findings. 17-Ketosteroids were 44-45 mg./24 hours (80- 
100 mg./litre) during the four months before the patient died. The 
average daily output of a normal adult women is 7-4 mg. and in 
cases of adrenal tumour generally over 70 mg. ; Callow’s lowest 
figure was 40 mg. in a man with an adrenal tumour. The small urinary 
output in this case, due to renal damage, was undoubtedly responsible 
for the relatively low androgen excretion. This fell to 20 mg. on the 
'day before death, when the patient was passing only a few ounces 
of urine. 

Pregnanediol was continuously excreted (25 mg./24 hrs.) in spite of 
the fact that the patient menstruated twice during this time. Actually 
while menstruating, four mouths before she died, she excreted 16 mg. 
of pregnanediol per litre. On the daj' before her death, owing perhaps 
to faulty formation of the gluotironide or to inability of the adrenal 
cortex to metabolise progesterone, large amounts of a pregnane 
derivative were recovered instead of sodium pregnanediol glucur- 
onidate ; in the acetone fractions in Venning’s method many colloidal 
masses formed instead of the usual white powder. 

(Estrogen and Asohheim-Zondek test. Both tests were negative 
when 3 o.o. of untreated urine were used, indicating in the case of 
the former that adrenal carcinoma is not always associated with the 
high cestrogen output which Franlc (1933-34, 1937), Graef et al. (1936), 
Luliens and Palmer (1940), Gross (1940), McGavack (1940) and others 
have encountered. A negative finding for oestrogen was obtained 
also in the case of Anderson et al. (1943) and in two others reported here. 

Post mortem, a tumour in the region of the left adrenal measuring 
10Jx74X5i in. and weigliing 4270 g. (approx. OJ lbs.) was found. 
There were extensive secondaries in the lungs, liver and left kidney ; 
the left lung weighed 700 g., of which half was tumour tissue. The left 
ovary was also involved ; unfortunately the uterus was not examined. 

Histology (figs. 1 and 2). The tumour was examined by Professor 
Blacklook, Dr Helen B.UBseU and Col. Harvey. It was highly cellular, 
but with very indefinite characters. There was great cellular poly- 
morphism, and monster cells, both mono- and multinucleated, and 
monster hyperchromatio nuclei were strildng features. In places the 
tumour was imperfectly adenomatous in character, but spheroidal 
cells predominated and there were numerous mitoses. Dr Bussell 
expressed the opinion that it was a malignant tumour of primitive 
gonadal type arising from some part of the genital ridge. She found 
a somewhat similar structure in the left ovary, wliich had appeared 
normal macroscopically. It contained in nddition many immature 
foUiclcs and a few of larger size wliich showed a hyperplastic granulosa- 
cell layer. There appeared to be a mixture of both male and female 
elements and some resemblance to arrhenoblastoma. Col. Harvey 
suggested that the growth was an adrenal carcinoma. Professor 
Blaeklock noted a marked increase in the eosinophil cells of the 
pituitary. 
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GomimnUiry. The results of hormone analyfeis were such as to 
place it beyond doubt that this patient’s tumour was an adrenal 
cortical carcinoma or Tirilising gonadal tumour, and it would seem 
that Mstologically it might be regarded as an adrenal tumour of 
undifferentiated cortical tissue such as is found in malignant cortical 
tumours associated with the adreno-genital syndrome. The following 
paragi-aph by Geschichter (1935, p. 112) is relevant to the condition 
found in both the adrenal and the ovary in tliis case. “ The origin 
of the suprarenal cortex from the genital ridge relates these un- 
differentiated cells in the, embryo to the gonocyfces. If the explanation 
of Krabbe is accepted, that the testis takes its origin directlj’' from 
such undifferentiated tissue, wliile the ovary represents a more higlily 
differentiated structure, then the adrenal cortical tissue in its more 
primitive state is identical with testicular tissue Indeed, Ilrahhe 
(1921) tliinks that cortical tumours develop from male sex gland 
cells which, early in embryonic life, become involved in the adrenal 
cortex and produce the adreno-genital syndrome. 

In this connection the observations of Fekete and Little (1945) are 
significant. Carcinoma of the adrenal cortex occurred in a high 
percentage of mice of the “ ce " strain after gonadectomy ; there 
were no tumours in the intact mice of either sex. In two mice in 
wliich ovarian regeneration occurred, the nodule was composed 
mainly of atypical cells forming an ovarian carcinoma which bore a 
strildng resemblance to the adrenal carcinoma structurally. The 
action of adrenal carcinoma in mice is chiefly feminising, as it causes 
cestrus and mammary gland development equal to that in an intact 
mouse of the same age (Woolley and Little, 1945). 

Certain features of the present case deserve comment. 

1. Menstruation occurred four times during the last eight months 
of the patient’s life, the last occasion being only a month before the 
patient died. That menstruation continued in spite of the existence 
of an adrenal tumour and of the excretion of large amounts of 
ketosteroids and pregnanediol, each of which would have been 
thought sufficient to arrest menstruation, is remarkable. There is 
only one other case Itnown to the author of menstruation in an adult 
with an adrenal tumour, namely that of Kepler et al, (1934), a woman 
aged 25 who menstruated regularly until two months before removal 
of a cortical tumour measuring 12 x 10 cm. The occurrence of vagina! 
bleeding in children with adrenal tumours is not infrequent, five 
instances having been recorded up to 1938 (Bulloch and Sequeira, 
1905; Cecil, 1933; Kepler e< al, 1934 and 1938 ; _ Walters and 
Kepler, 1938). Numerous instances are on record of its persistence 
(though irregular) in very hirsute women in whom marked adrenal 
hyperplasia was present. Shepardsoii and Shapiro (1939) give a 

striking example. _ _ 

The possibility that the continuance of menstruation m the presen 
case was attributable to the tumour being primarily one of the lung 
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is regarded as unlikely in view of the size of the adrenal growth and 
the hormone output. That the abnormal ovarian condition may 
have been partly responsible is suggested by a case described by 
Mechler and Black (1943). This patient, aged 24, complained of 
virilism of five years’ duration ; she had a deep voice, beard, acne and 
enlarged clitoris. Her periods, regular since the age of 14, had 
occurred every two weeks for 5-7 days during the past four months 
and vaginal bleeding had lasted ten days prior to the removal of an 
ovarian tumour, 11 cm. in diameter, which contained elements of 
both a granulosa-cell tumour and an arrhenoblastoma. That men- 
struation occurred simultaneousty with the excretion of large amounts 
of pregnanediol demonstrates that the menstrual rhythm is not due 
to cessation of progesterone secretion. It might be contended that 
the progesterone secreted by an adrenal tumour is perhaps of difierent 
chemical stnioture from that secreted by the ovary ; this is unlikely, 
as Dr Patterson recovered the expected amount of pure pregnanediol 
from samples of the sodium pregnanediol gluouronide from this patient. 

Various authors (Herlant, 1939 ; Burrows, 1939 ; Biddulph et al., 
1940) have demonstrated that progesterone curtails the supply of 
gonadotropin from the pituitary of rats, yet it is clear that, in our 
case, progesterone was unable to inhibit the mechanism controlling 
the menstrual rhythm, whether such mechanism resides in the 
pituitary or the ovary. Since menstruation is a pseudo-parturition 
it is pertinent to point out that parturition occurs in spite of the 
secretion of large quantities of progesterone, as evidenced by the 
recovery of 30-50 mg. of pregnanediol during labour (Hain, 1942-44). 
So also menstruation in the normal non-pregnant woman can take 
place in spite of the excretion of amounts of pregnanediol commonly 
associated with the “ secretory phase ” in the endometrium (Hain 
and Robertson, 1939). Furthermore, cases are reported of persistence 
of this type of endometrium after menstruation, from wliioh Wilson 
and Kurzrok (1940) formed the opinion that the pituitary is not an 
immediate factor in the production of menstrual bleeding. 

Another possible explanation is that menstruation occurred as the 
result of periodic drops in the level of oestrogen secreted. The 
excretion of oestrogen in a combined form was not ascertained, but 
injection of the untreated urine into mice was without effect and 
showed that the amount secreted by the tumour was not excessive. 
Case 13 in this series shows that a high oestrogen secretion combined 
with a high progesterone secretion is not necessarily accompanied by 
the establishment of the menstrual rhythm or the development of 
other secondary sex characters. 

2. There was excretion of a pregnane derivative other than preg- 
nanediol. That this occurred only when the patient was moribund 
and after normal pregnanediol had been recovered over a considerable 
period suggests faulty function either of the adrenals or of the 
kidneys. The same substance has been recovered by the author in a 

J. PATH. PICT — COL HI c 



274 


A. M. HAIN 


variety of conditions besides virilism— in two women with mastitis, 
in two men with gynecomastia, and in a pregnant woman with virilism' 
in whom the abnormal substance and the normal glucuronide were 
precipitated in the same acetone fraction. In spite of very inadequate 
recovery fi:om the acetone, sufficient material was collected to warrant 
further investigation, which Professor Marrian kindly undertook, but 
wartime duties prevented its completion. The excretion in cases of 
virilism of compounds related to the steroids of the adrenal cortex 
has been reported by Butler and Marrian (1938), Wolfe e( al. (1941), 
Striclder et al. (1943), Dorfman et al. (1945) and Mason and Kepler 
(1945). 

3. Ovarian involvement in a case of adrenal tumour is not unique. 
Similar cases have been reported by Tuffier (1914), Jeanneney and 
le Galvez (1938) and Norris (1938), while a case of testicular involve- 
ment is recorded by WilMns et al. (1940). An interesting case of an 
adrenal cortical rest in the pancreas is cited by McLetchie and Scott 
(1942-44, p. 351), who think it likely that the associated adrenal 
cortical hyperplasia was produced by the same stimulus as induced 
the malignant change in the adrenal rest. Such an explanation might 
apply to our case 1. 

4. Hypertension in patients with adrenal cortical tumours or 
h 3 ;q)erplasia is the rule rather than the exception. Nuzum and Dalton 
(1938) collected records of 29 cases of virilising tumours shoAdng this 
association and the number has doubled since that date, no fewer 
than seven being in children. The hypertension of virilism is not 
solely or directly of adrenal cortical origin ; it occurs also in cases of 
virilising tumours of the ovary (Kepler et al. (1944) cite 4 cases in 
addition to their own), in testicular tumours (one "such case is soon 
to be published), and in granulosa-ceU tumours of the ovary (Gross ; 
a girl aged 13 months). In aU these, the cells involved are derived 
from the same anlage as the adrenal cortex and their secretions have 
similar effects on processes ultimately controlling vascular tension. 

5. In Professor Blacklock’s opinion the most interesting feature 
of the case was the marked increase in pituitary eosinophil cells, not 
of basophils as might be expected from the association of basophil 
adenomas or hyalinisation (Crooke’s cells) with adrenal cortical 
tumours. This excess of eosinophils has been observed on several 
occasions in association with adrenal cortical hyperfunction (Mathias 
1922 ; Oppenheimer and Pishberg, 1924 ; Long and Gray, 1924 ; 
Josephson, 1936 ; Gross, 1940, case 4). Cushing and Davidoff (19p) 
reported that in each of four cases of acromegaly associated with 
acidophilic pituitary adenomas the adrenals were hypertroplued, the 
largest being four times the normal weight. In addition Driggs and 
Spatze (1939, quoted by Weinberger and Grant, 1941) have described 
the case of a boy, aged 3i, in whom sexual precocity was due to a 
tumour suspended from the third ventricle and in whose pituita^ 
a predominance of eosinophil cells was found. Evidence that both 
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types of cell — basophil and eosinophil — take part in the hypophyseal 
control of gonadal activity is provided by the fact that castration, ■ 
thyroidectomy and the administration of hormones have their effect 
on both. It is possible, therefore, that adrenal hyperfunotion can 
cause an excess of either type of cell in the pituitary. 

6. The weight of the primary tumour (9J lb.) is exceeded by one 
weighing about 15 lb. reported by Baldwin (1914) in a boy aged 6, and 
by one of some 20 lb. in a woman of 36 recorded by Glynn (1911-12). 

Case 2. Miss Herzfeld’s ease (P 323), a girl aged 3j years (fig. 3). 
Long downy hair over her whole body was noticed at the age of 
12 months and became thicker, especially over the pubes, tlugbs and 
back of the shoulders ; the clitoris was large, there was acne and a 
deep voice; the features were heavy and she was full-coloured. 
There was no real obesity but she was 8 lb. above the average weight 
for her age. The mammsE were not overdeveloped, there were no 
strice or osteoporosis. The pituitary fossa was normal. Ossification 
was that of a child of 8-9 years. There was polycythsemia (R.B.C. 
7*8 million) and hypertension (B.P. 128/88) and her Hb. was 107 
per cent. 

Eormone findings. 17-Ketosteroids 6-9 mg./24 hours (analysis 
by Dr Patterson) ; pregnanediol 9, 12'6 and 1-B mg./24 hours, 
Aschheim-Zondek and cestrogon tests negative with 3-0 c.c. of urine. 
The ketosteroida were not abnormally high as compared with the 
daily output of a normal child of the same age, namely l-S mg. 
(Talbot et al.) of 1'4 and 2-5 mg. in mu’ own controls ; they were 
exceedingly low as compared with those in case 3. The high pregnane- 
diol output, however, pointed definitely to marked hyperactivity of 
the adrenal cortex and a diagnosis of adrenal anomaly was made on 
this ground alone, as the only other occasions on winch pregnanediol 
is recoverable are in pregnancy and in the luteal phase of the menstrual 
cycle. Its association with cortical hyperplasia and tumour has been 
demonstrated by Veiming et al. (1939), Salmon et al. (1941) and 
Anderson et al. (1943). 

At laparotomy the right adrenal was found to be almost completely 
replaced by , a spherical tumour about 24 inches in diameter. It was 
well encapsulated, reddish on section, but neither htemorrhagio nor 
necrotic. The uterus and ovaries were larger than normal for this 
age. It was decided to operate on the adrenal tumour at a later date 
and only the appendix was removed. The patient died of strepto- 
coccal peritonitis a few days later. At autopsy, secondary deposits 
were found in the lungs. Histologically the adrenal tumour consisted 
of closely packed solid columns of cells with a delicate supporting 
stroma carrying the blood vessels. The cells, which were rounded 
or polygonal, resembled the cells and had the general arrangement 
of suprarenal cortical tissue. The structure of the pulmonary 
secondaries was similar, and the case was regarded as one of adrenal 
cortical carcinoma with metastasis to the lungs. 
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Case 3. Dr McCaU’s case (K 30), a girl aged four years. Pubic 
■hair, noticed for 10 months, had become abundant. The patient 
was in. above the average height and 10| lb. above the average 
weight for her age ; ossification was that of a child of 12 years ; 
Hb. 81 per cent'., R.B.C. 4-2 million ; glucose tolerance normal. The 
clitoris was considerably enlarged ; she looked older than her age and 
more intelligent, but was tired and listless and complained of vague 
abdominal pain. 

Hormone findings. 17-Ketosteroids, estimated over 24 hours on 
two occasions, were 320 mg. (375 mg./litre) and 166 mg. (322 mg./litre). 
No pregnanediol was recovered on either occasion, an interesting 
finding in view of the enormous amount of 17-ketosteroids excreted 
and in direct contrast with the hormone output of case 2. (Estrogen 
and gonadotropin were less than 5 mouse units. Almost three weeks 
after removal of the tumour the 17-ketosteroids output had fallen to 
3-7 mg./litre. 

It was thought that a cytological difference might be discernible 
between this tumour and that of case 1, which was secreting consider- 
able amounts of progesterone, but no difference was detected histo- 
logically. Goormaghtigh (1940) claims a cytological basis for the 
difference between feminising and virilising tumours of the adrenal 
cortex. 

The tumour, which was on the left side and encapsulated, weighed 
38-6 g. and measured 6*7 x 3'9 x 2-9 cm. It showed ^stinct lobulation 
and was soft and cystic, with cavity formation at one end. Histo- 
logically it was pronounced to be a benign cortical adenoma ; mitoses 
were rare but large hyperchromatic nuclei were present and a positive 
fuchsin-ponceau reaction was obtained. 

Case 4. Mr Broster’s case (K 125), a boy aged 17 years, submitted 
as a case of Cushing’s syndrome for information as to adrenal 
involvement. The urine was four daj^s’ old when received but in spite 
of this a ketosteroids output of 49T mg./24 hours was obtained. An 
adenoma “ the size of an acorn ” was found in the substance of the 
right adrenal. 

Case 5. Dr R. B. Magill’s case (K 148), a boy aged 10 ynars and 
10 months, but with the muscular development and physique of a 
man of 18 (fig. 4). His beard hairs were J in. long, pubic hair was very 
profuse, and his arms, legs and axillae were as hairy as those of a fully- 
grown man. His testicles were normal for his age but his penis was 
very large. Radiologically his hands were those of a boy of 12, bis 
intelligence that of a boy of 11 ; height was 61 in., weight 124i lb. 
His pituitary fossa was reported as small. 

Hormone findings. 17-Ketosteroids, 84 mg./24 hrs. ; pregnanediol 

none. 

When the patient was aged 5i years a laparotomy revealea a 
tumour over the left kidney and about hk ifs size. No attempt was 
made to remove it. The sister of this patient, aged 3i 3 'ears, exhibits 
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the usual symptoms of prepubertal Tirilism and imdoubtedly has 
either an adrenal cortical tumour or hyperplasia. Her case is described 
in the next section (case 8), as laparotomy has not yet been performed. 

The occurrence of adrenal tumours or hyperplasia in more than one 
member of a family is not rare ; 10 cases additional to his own were 
collected from the literature by Wilkins et al. To these may be added 
one family each reported by Broster (1934) and Rhodes (1943) (in 
both of which twins were affected), Guthrie and Emery (1907) and 
Miller and Keimy (1939-40), as well os the three families here described 
and the case reported by Kepler et al. (1944) in which a virilising 
ovarian tumour was removed from a girl whose sister presented the 
same picture. If this is included, there are approximately 20 instances 
of virilising growths occurring in more than one member of a family. 
Tliis takes no account of a wider relationship. 

Instances of adrenal cortical tumours in boys are rare and as only 
23 other cases have been found in the literature they are listed in 
table II. In one case (Holl, 1930) the tumour had a feminising effect. 
Adrenal cortical hyperplasia in boys is oven rarer and only two oases 
are on record (Hutchison, 1904 ; Geschickter, 1935) with a possible 
third in the case of Jacobziner and Gorfinkel (193G). 

Table Q 

Adrenal cortical tumours in boys 


Year 

Author 

Age 

1003 

1005 

1907 

lOU 

1919 

1027 

1028.29 

1029 

1030 
1931.32 

1932 

1033 

1033 

1934 

1035.30 
1036 
1030 

1937.38 

1939.40 

1940 

1940 

1942 

1046 

Lmser (quoted by Gordon and Browder, 1927) 

Adams 

Guthrie and Emery 

Baldwin 

Tschemobrow (quoted by Gordon and Browder) 

Gordon and Browder 

Pordyce and Evans 

3lacora 

Holl 

Harwood 

Lightwood 

Rowntreo and Ball 

Player and Lisser 

Nob^courfc 

Jlamzer 

Jacobziner and Gorfinkel 

Josephson 
von Kup 

Proser 

Gross 

Wilkins et al. 

Patterson et al. 

Broster (personal communication) 

6 yr. 7 mth. 

14 yr. 9 rath. 

4 yr. 4 mth. 

6 yr. 10 mth. 
11 yr. 

3 yr. 

2 yr. 3 mth. 
34 mth 

15 yr. 

7 yr. 

18r^k. 

30 mth. 

4 yr. 11 mth. 
fi yr. 

Siyr. 

4 yr. 9 mth. 
17 yr. 

3iyr. 

3 yr. 

3 yr. 7 rath.. 
6 yr. 

IHjt. 


Case e. Dr Steven Faulds’s case (P 265), a woman aged 60. The 
tumour, first thought to be an arrhenoblastoma of the ovary, was, 
in the opinion of Professor M. J. Stewart, an ectopic adrenal cortical 
tumour. The patient had a markedly enlarged clitoris, a very heavy 
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g^o^vtl^ of hair on the face, shoulders and chest, and a deep voice. 
Unfortunately urine was not submitted for analysis TjeforeTemovai 
of the gro’ivth ; a post-operative specimen contained the equivalent 
of 7-7 mg. 17-ketosteroids/24 hours. The exudate from the tumour 
was reported by Ur Patterson to contain only 15 gamma free keto- 
steroids and 50 gamma bound ketosteroids in 19 c.c. of fluid, indicating 
that very httle of the androgen is stored in the tumour, which is in 
agreement with the general finding. 

, In two other cases of adrenal neoplasm, each of which proved to be a 
neuroblastoma, a knowledge of the excretion of 17-ketosteroids proved of 
value in excluding a cortical tumour ; in both, the excretion was normal in 
amount in spite of the presence of a tumour of considerable size depressing 
the kidney. Metastases to the bones had occurred. The patients were a girl 
aged 13, exereting 8-8 mg. 17-ketosteroids/24 hours, and a boy aged 24, whose 
output was 1*4 mg./24 hours or 4 mg./litre. Aschheim-Zondek tests were 
negative. 

GROUP II. PSEUDO-HERMAPHRODITES AND DOUBTFUL 
GASES OF ADRENAL TUMOUR 

The second group of cases consists of patients regarding whose sex 
there was doubt at birth owing to the presence of morphological 
characters of both sexes, and in whom symptoms of virilism or 
absence of feminism developed. It has been found desirable to adopt 
tills narrow interpretation for the term pseudo-hermaphroditism and 
to group under “ adreno-genital syndroihe ” the numerous cases in 
which symptoms of virilism first manifested themselves at a later 
date. In some of the cases which follow, the existence of an adrenal 
cortical tumour seems likely, partly on account of the amount of 
hormone excreted, but also because a tumour occurred in another 
member of the family. They are placed in this group because a 
laparotomy has not been performed or did not reveal a tumour. 

Case 7. Miss Herzfeld’s case (K98), a girl aged 2h years and 
weigliing 3 st., bad an enlarged clitoris. Two sisters aged 17 and 19 
had the same abnormality and from one of these Miss Herzfeld 
removed a cortical tumour. There were two brothers, both normal. 
17 -Ketosteroids 21-8 mg./litre. 

Case 8. Dr R. B. Magill’s case (K 139), a girl aged 34 years; 
build equal to 6-7 years, with hands of a radiological age of 7-8 years. 
The clitoris was as large as the penis of a boy of 4 and there was some 
pubic hair, first noted at 2| years. Ovaries and uterus were foimd 
under anesthesia. Her brother (case 5) has an adrenal cortical 
tumour. 17-Ketosteroids 12 mg./24 hours or 16-3 mg./litre ; pregnane- 
diol none. 

Case 9. Ur McCall’s case (K 85), a girl aged 1 year 11 montlis, 
weight 30 lb., height 33 in., bad a very large clitoris, pubic hair (noticed 
for six months) and a normal vagina. She was backward in ma^g 
talking noises and had a deep voice. 17-Ketosteroids 23-5 mg./htve. 
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No pregnanediol. At laparotomy no tumour was found, but both 
adrenals were thought to be enlarged. 

The next two cases provide an interesting contrast as, in both, an 
initial error was made as to the sex, one being brought up as a^boy 
and found to be a girl, the other contrariwise. Both were 17 years 
old at the time of the hormone investigation. 

Case 10. Miss Herzfeld’s case (K 73) was brought up as a boy 
until she was 9 years old, when ovaries and uterus were found at 
laparotomy, and a small vagina ; the enlarged clitoris was removed 
and a portion of the right ovary in which there was excess of fibrous 
tissue ; no adrenal tumour was found. Pubic hair of masculine type 
was well developed, but, apart from absence of mammary develop- 
ment, the patient had a female type of figure. When Hi years old 
she complained of growth of hair on the lip ; there was stiU no 
mammary development. CEstrin injections were begun at 12i and 
after six weeks the breasts were larger and the same course w'as repeated 
after three months. Albuminuria was -| — | — 1-, B.P. 160/90. When 
she was 14^ years old the oestrin was increased and a preparation of 
pregnant mare’s serum was given ; severe albuminuria persisted. 
Between the ages of 16 and 16i (t.e. in 16 months) she menstruated 
three times while taking stilbosstrol tablets. Menstruation was 
accompanied by urticarial attacks. B.P. was now 122/82. Breast 
development was equal to twelve years ; pubic hair was profuse. 
Though without oestrin for a month, she menstruated (from a hypo- 
plastic endometrium) on April 1945 and five days before this period 
her daily hormone output was : 17-keto3teroids 62 mg., gonadotropin 
7 mouse units (M.U.), pregnanediol none. The absence of excretion 
of pregnanediol might have been due to an absence of progesterone ' 
secretion, but it might also have been due to the seriously impaired 
kidney function. The ketosteroids output denoted either marked 
adrenal cortical hyperplasia or an adrenal cortical tumour. An 
operation could not be performed owing to the renal condition. 

Case 11. Dr T. N. Maegregor’s case (K 77) was brought up as a 
girl until the age of 17, when it was found that, in addition to a penis 
and a vagina, “ she ” had a testicle in each inguinal canal. Un- 
fortunately permission to operate was not granted. 

17-Ketosteroids 15'6 mg./litre (24 hours’ output not known). 
This is not an abnormal figure for a youth of 17 and does not denote 
any appreciable hypertrophy of the adrenal cortex. It is in marked 
contrast to the output in the preceding case and to all others in this v 
group uith the exception of case 12 immediately following, and 
permits of a differential diagnosis as between male and female 
pseudo-liermaphroditism. In the latter, hyperfunction of the adrenal 
cortex persists and is responsible for the condition, manifesting itself 
in the excretion of excessive amounts of ketosteroids and sometimes 
of pregnanediol. In male pseudo-hermaphroditism, on the other hand, 
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the ketosteroids output is either normal or only slightly raised, the 
condition having arisen and been completed antenatally, as will be 
discussed later. 

Young (1937, p. 292 e( seq.) describes a case of this kind. A male pseudo- 
hermaphrodite, aged 26, had been brought up as a female ; the features were 
a minute penis 2 cm. long, a bifid scrotum, undescended testes 3 cm. long, 
and a tiny vagina 1-5 cm. long. There was no breast development and there 
had been no evidence of menstruation. Hair distribution was feminine and 
there was no hair on the face. Shoulders, arms and chest appeared masculine, 
and the features as well as the hands and feet were large. Body and extremities 
were without hair. The impression, after examination, was that it was 
impossible to make out any female organs except the minute vagina. Bodies, 
presumed to be testes, were present in the groins. A laparotomy was under- 
taken to settle the sex of the patient ; no uterus, tubes or ovaries wore found 
but a small testis lay in each inguinal canal. As the patient wished to retain 
her female character an operation was performed to reconstruct the vagina. 
The testes were not removed but were placed within the abdomen ns being 
the probable source of the oestrogen responsible for the female character of the 
patient. 

Novak (193.5) records a similar case, and Broster and Vines (1933) two, in 
one of whom the adrenals were slightly enlarged. In each case the testes were 
removed as, psychologically, the patient was dominantly female. 

It is probable that the case wMch follotvs is really a male pseudo- 
hermaphrodite ; an operation is not to be performed meantime. 

Gase 12, Mr Linton Snaith’s case (K 122), a girl aged eight years, 
had a hypertrophied clitoris but no other sign of virilism. 17- 
Ketosteroids were less than 2 mg./24 hours and only a trace of 
pregnanediol was recovered. A similar case is recorded by Simpson 
et al. (1936), namely that of a pseudo-hermaphrodite aged four, years, 
whose urine contained no excess of androgens, whereas in two others 
■ these were very high. Case 12 was found to be excreting almost- 
20 M.U. of gonadotropin per 24 hours, which is as much as an adult 
woman excretes. 

Gases 13 and 14. Sir Gemmell’s patients (P 499 and K 42), 
two sisters aged 21 and 16 respectively, with primary amenorrhoea, 
had no other symptoms of virilism than an enlarged phallus (fig. 6) and 
absence of breast development. Their voices were not low nor was 
there any hirsutism ; outlook and figure were feminine. Permission 
was obtained to examine only the elder sister (fig. 5) and Mr Gemmell 
was unable to detect any uterine body or gonads in the pelvis or 
inguinal canals. Her blood pressure was normal (135/70). A still 
older sister has no abnormality. 

With the ready cooperation of both girls hormone analyses were 
carried out over a prolonged period, the results of which are given m 

table III. , 

Owing to the high excretion of l7-ketosteroids and pregnanediol, 
a provisional diagnosis of adrenal tumour or bilateral hyperplasia of 
the adrenal cortex was made, but the possibiUty of an arrhenoblastoma 
was considered. 
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At operation infantile and completely inactive female genitalia were 
found but no male organs ; there was a narrow vagina separate from 
the urethra (fig. 7). Both adrenals were considerably enlarged and the 
left, weighing 23 g. (normal, 4-7 g.), was removed, as also the phallus. 

Table HI 


Daily /lornionc ci:creiio>i of two pscitdo-hcrmaphrodiU sisttra 
(cases 13 and 14) 


Patient 

Date 

ir-Xetosterofds (mg ) 

Pregnanediol 

(mg) 

(Estrogen 

(I.U) 

Gonadotropin 

(MU) 

Case 13 

2/5/44 

35 (CO/htro) 

60 

100 

... 

(P 499, aged 

22/6/44 

45 (56/litre) 

36 


A.Z. test 
xiegatw© 

21 yxa.) 

6/6/44 

74 

73 



27/0/44 

Loft adrenalectomy 
porformed 

not done 

... 



19/7/44 

60 




27/7/44 

32 

31*5 

... 



11/9/44 

45 

45 




16/10/44 

62 

75 




2/1/45 

58 

93 

... 

<30 


11/3/45 

07 

57 

... 

IG 


5/6/45 

06 5 


... 





40 

■||H 

— 




41 






66 


■1 


Sections of the adrenal stained by Vines’s method gave a positive 
androgenic reaction in 25-30 per cent, of cells in the middle zone and 
rather less than this in the inner zone of the cortex. A fair proportion 
of the cells in the outer and inner zones, but not many in the middle 
zone, showed a bloated, hydropic appearance. A wedge cut out of 
one ovary contained numerous small follicles, some of them atretic, 
but there was no evidence of corpora lutea or corpora albicantia. 

A month after operation the lY-ketosteroids and pregnanediol 
excretion had fallen from 74 to 32 mg,, but at the end of four months 
they had almost returned to tlie pre-operative level, indicating that 
li}T>Grtrophy of the remaining adrenal had occurred. The patient 
underwent a course of oestrogen therapy between October and January 
and this coincided with a consistently high pregnanediol output. The 
gonadotropin excretion was ascertained, as it was thought that this 
might be liigli in primary amenorrhoea, since the condition resembles 
that in climacteric women in whom the absence of ovarian function 
is associated irith high gonadotropin titres. However the gonadotropin 
output (10 M.U.) was that of a normal adult woman. 

The infantile condition of the ovaries makes it likely that the 
ccstrogen recovered was secreted by the adrenals. Kenyon el al. (1937) 
examined the urine of 16 women with the adreno-cortical syndrome 
and found in all of them a diminution of oestrogen excretion as 
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compared with the normal. According to Werner (1941) a normal 
adult woman excretes 3-10 rat units of cestrone in 24 hours 
(approximately 15-60 I.U.) except between days 9 and 18 in the 
cycle, when values are equal to 100-250 I.TJ. Case 13 was therefore 
excreting more than the average woman at the height of reproductivity. 

On grounds of hormone output alone it is difficult to explain why 
menstruation occurred in case 1 and not in case 13. It is unlilcely 
that cestrogen secretion would be maintained at a constant level, 
and one would have thought that a semblance of “ cestrin-withdrawal 
bleeding ” could have occurred. The infantile condition of the uterus 
shows that there was no response to endogenous hormone stimulation 
on the part of the endometrium. It might be argued that the 
cestrogen/progqsterone ratio was so markedly in favour of progesterone 
— case 13 excreted tinree times as much as case 1 — ^that the action of 
oestrogen was neutralised ; later, owing to temporary lowering of this 
ratio during a course of oestrogen therapy, menstruation occurred for 
7 days. When the course terminated in March 1946 she was excreting 
17-ketosteroids 75 mg., pregnanediol 70 mg., and gonadotropin 
51 M.U. per 24 hours. A comparison with case 11 (in whom 
“ menstruation ” occurred with the aid of cestrogen) cannot be 
pursued too far, as not only is it not known whether she has an 
adrenal or an ovarian anomaly, but no pregnanediol was excreted. 

From the fact that there was no hypertension in this patient it is 
evident that hypertension is not caused by adrenal cortical 113 ^) 6 ^ 
activity as such ; hypertension occurred in a patient (case 1 ) excreting 
amounts which were much lower for pregnanediol and slightty lower 
for 17-ketosteroids, 


The entire absence of hirsutism in a patient with marked adreno- 
cortical hyperplasia is exceedingly rare, though not imcommon in 
cases of adreno-cortical carcinoma. Wieth-Pederson (1931, quoted 
by Cushing, 1932) described a woman with hypertension, strim, dim 
vision, marked obesity, cardiac enlargement, polydipsia and head- 
aches but without h 3 q)ertrichosis, who was found at autops}' to have 
an adrenal cortical tumour 12x6 cm., with metastases. Complete 
absence of sexual s 3 Tnptoms in a man aged 33 in whom a large adrenal 
cortical tumour was found at autopsy is recorded by Anderson (1930) , 
the patient died of h 3 q)oglyc 8 emia. Lawrence (1937-38) describes a 
somewhat similar ease, whereas severe diabetes was the sole si^mptom 
observed by Sprague (quoted by Kepler and Keating, 1941) in a 
patient in whom the condition entirely cleared up after the remova 
of a “ huge ” adrenal cortical tumour. Others reporting cortical 
tumours unassociated with symptoms of virilism are Cahill el a • 
(1942) 5 cases, and Gross (1940) 2 cases (both cliildren) ; in the 
patient described by Anderson et al. hirsutism was very slight. 

Until laparotomy’’, considerable doubt was entertained as to m 
sex of case 13, especially as, under the heading of “Male pseudo- 
hermaphroditism Aden (1939, p. 194) says : “ There are human 
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cases with pelvic testes, vasa deferentia and prostates combined witli 
almost complete internal and external female genitalia ; oviducts, 
uterus, vagina, clitoris (more or less enlarged), mammary glands, 
mibro^icn voice., lack of beard, female proportions of the body and female 
mentality.* ... Its massed occurrence in families explains why the 
only interpretations which were proposed so far are based purely on 
genetics ”. Out of 20 cases of male pseudo-hermaphroditism collected 
by Young from the literature, facial hair is described in 8 only, and 
in only one of these was it marked ; in the others it was generally 
“ slight ”. Seven are definitely stated to have had no facial hair, 
yet 19 out of the 20 had a penis. The importance of histological 
examination of the gonads in doubtful cases is forcibly illustrated by 
Young in describing his case 5. 

It was not possible to conclude that the patient (case 13) was 
female on the basis of oestrogen excretion alone, as two men presenting 
many of the features of Cushing’s syndrome excreted quite as much. 
The conclusion could certainly not have been reversed had the 
mstrogen output been low, since as little as 4 rat units of oestrogen has 
been excreted by women with adrenal tumours {e.g. Young’s case 20). 

Generai, discussion 

Considerable diflnculty exists in differentiating between n tumour 
of the adrenal cortex or virilising tumour of the ovary and adrenal 
cortical hyperplasia on the basis of n-ketosteroids excretion. This is 
clearly shown in table IV (p. 284). A 17-ketosteroids output exceeding 
70 mg./24 hrs. in an adult is generally regarded ns diagnostic of a 
tumour ; Dr Patterson thinks that the upper margin may have to 
bo placed at 100 mg. Yet on the other hand an androgen output 
only a little above normal is described by Kenyon et al. in a case 
of adrenal carcinoma, and in 7 adults in table IV it was less than 
60 rag. In contrast, out of 6 patients with hyperplasia of the adrenal 
cortex and no tumour, 4 had a 17-ketosteroids output exceeding 
70 mg., one of them exceeding 100 mg. 

Kor is it possible to effect a differentiation on the ground of 
pregnanediol output. The largo amount of pregnanediol excreted by 
the two pseudo-hermaphrodite sisters — exceeding 70 mg. on three 
occasions — ^made an adrenal tumour lilcely, apart from the high 
values for androgens. Yet pregnanediol was excreted by only 3 out 
of 5 patients ivith adrenal cortical tumours, namely P 280 and cases 1 
and 2, but not by cases 3 and 6 in spite of high ketosteroids output ; 
the two doubtful tumour cases 8 and 10 also excreted no pregnanediol. 
It is thus evident that, in marked adrenal involvement, both hormones 
are not necessarily involved simultaneously and that a high androgen 
excretion can exist apart from a liigh progesterone secretion. A high 
pregnanediol output in the absence of a high androgen excretion has 
not yet been encountered in such a case, though in case 2 its association 


* Tho italics aro mino. 
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Tabi-e IV 


Excretion of IT -Jcet asteroids in patients with tumoiira or hyperplasia 
of the adrenal cortex or virilising iwnours of the ovary 


Sex and age 
(years) 

17-ketostcroids 
(mg./2-l hrs.) 

Author 

Adrenal inmourB 

M 1 

M li 

F li 

F 3 

F 34 

F 34 

F 34 

F 4 

M 5 

F 6 

F 10 

M 11 

F 13 

F 16 

M 17 

F 21 

F 21 

M 25 

F 26 

F 26 

F 34 

F 35 

F 38 

F 40 

F 41 

F 42 

F 45 

F 49 

F 54 

F 66 

F 61 

F 63 

F Adult 

F 

28 

2-8 

3-0 

160 

5-9 

170 

176 

320, 166 

27 

126-288 

325 

84 

166 

54-6 

49 

240 

50-55 

40-64 

215 

25-107 

270 

74 

54 

126 

76, 78 

690 

857 

269 

83 

74 

14-5, 20 

45-6 

74 

170 

Patterson et al. (1942) 

Engstrom et al. (1944) 

Talbot et al. (1942) 

Case 2 herein 

Engstrom et al. 

Fraser et al. (1941) 

Case 3 herein 

Patterson et al. 

Crooke and Callow (1939) 

Friedgood and Whidden (1939) 

Case 6 herein 

Talbot et al. 

Engstrom et al. 

Case 4 herein 

Engstrom et al. 

Case 1 herein 

Crooke and Callow 

Anderson et al. (1943) 

Callow and Crooke (1944) 

Patterson et al. 

Fraser et al. 

Callow and Crooke 

Warren (1946) 

Callow and Crooke 

Warren 

Engstrom et al. 

Warren 

Talbot et al. 

Callow and Crooke 

Engstrom et al. 

Talbot cl al. 

Patterson et al. 

Virilising ovarian tumours 

12 

116 

Prof. Jeifeoate’s case, investigated on eve of 



going to press 

16 

54-6 

Kepler et al. (1944) 

22 

40* 
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with doubtful values of IT-ketosteroids provided a valuable aid to 
diagnosis. 

In selecting the cases for group II, the definition of pseudo- 
hermaphroditism given by Young has been borne in piind. He 
defines it as “ a condition alu-a3’3 congenital in origin in wliioh an 
individual, while possessing the gonads of but one sex, has other 
genitalia and . . . secondary characters belonging to the opposite 
sox ” (p. 99). “ It occurs once in a thousand persons ” (p. 48). 

“Hyperplasia of the adrenal has apparently played an important 
part in the development of female pseudo-hermaphroditism ” (p. 112). 
In chapter 5 of his book he cites 17 examples from the literature and 
adds four of his own, in all of which the condition was associated 
with greatly enlarged adrenals. Ho considers them (p. 103) excellent 
examples of the adreno-genital syndrome beginning in fcetal life and 
resulting in a condition characterised always by failure of the ovaries 
to develop and to stimulate the normal formation of the external 
genitalia. In such cases, he states, it is likely that the masculinising 
influence of the adrenal was dominant about the twelfth week of 
intra-uterine life and that this influence persisted. 

Brostor and Vines discuss fully the masculinising influence of the 
adrenal, especially ante-natally. In the foetal adrenal of the male a 
strong fuohsinophil reaction is normally present in the cortical cells 
from the 10th to the 18th week at least, but in the female foetus a 
weaker reaction occurs and lasts only from the llth to the 14th week. 
The “ male phase ” in the female fmtus is thus very brief. One has 
to consider the time of differentiation of the genital tract of the 
female in relation to the changes which occur in the adrenal cortex. 
In man the ovary does not become differentiated from the indifferent 
sex gland until the 7th or 8th week ; the utero-vaginal canal appears 
about the same time in both sexes and in the female continues to 
develop until separation into uterus and vagina becomes liistologicallj- 
possible between the 12th and 10th weeks. As both uterus and vagina 
are generally present in female pseudo-hermaphrodites (vide cases 13 
and 14), it is improbable that masculinisation becomes a dominant 
process much before the 12th week of fcetal life. Where the uterus 
is absent masculinisation must have occurred about the 9th or loth 
week, at which time the uterine canal in the male undergoes atroph)-. 
If the “ male phase ” of the cortex, which appears in the female at 
the 12th week of life, is superimposed, and should it persist and be 
wholly uncontrolled, not only will the rudimentary form of uterus 
and vagina usually found in pseudo-hermaphrodites be established 
but the ovarj^ might be expected to undergo a partial reversal to 
testicular type. It is evident that the degree of sex reversal apparent 
at birth must depend on the period of foetal life at which masculinisation 
becomes sufficiently dominant to initiate structural change. 

The way in which the masculinising influence of the adrenal is 
o.xerted is not clear, but an observation made by Broster and Vines 
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(p. 84) suggests that the action may not he directly on the developiiitr 
reproductive system but on the pituitary. In both sexes, after the 
20th week of development, negative or very slight fuchsinophU 
staining is, present in the cortical cells of the foetal adrenal. Tvo 
female foetuses were exceptions to this ; in one at 22 weeks and in 
another at term strong staining of the cortical cells was obtained. 
In the latter, in which an adrenal cortical rest was also found, there 
was definite hyperplasia of the pituitary in which both basoplu'I 
and (especially) eosinophil cells took part. In the 22-week foetus, 
though a definite anterior pituitary hj^perplasia was present macro- 
scopically, there was no definite evidenee of undue difierentiation of 
eosinophil cells. There was no abnormality of the genital tract in 
either case. 

An alternative possibility is that the syndrome of pseudo- 
hermaphroditism of very early infancy, when not due to adrenal 
tumour or hypertrophy, may be the result of the effect of hormonal 
activity in the mother upon the foetus during gestation. A condition 
having many of the features of the human syndrome was induced by 
the author (Hain, 1935 a, b, c; 1936-37) in all the female offspring 
of rats injected during pregnancy with oestrogen or androgen. It 
was not ascertained whether the effect of the hormones was direct 
or via the adrenals. In the author’s opinion an ante-natal excess 
of oestrogen is more likely to result in “ constitutional ” precocity 
of the type described by Novak (1944), of which the author has 
encountered three or four examples, than to give rise to pseudo- 
hermaphroditism. However, it is possible that the time at which 
the hormonal influence is brought to bear on fcetal development, and 
its amount, may profoundly modify the effect produced and thus a 
diversity of sex anomahes result. 

According to Frazer (1931) the differentiation of the cortical 
region of the adrenal into its three zones is a late development which is 
continued after birth ; the post-natal changes are imperfectly linown. 
About the time of birth the cortex shows further differentiation: 
its greater part — ^known as the foetal cortex — ^is covered superficially 
by a thin zone which is to become the adult cortex. Tliis begins to 
grow after birth, while the fcetal cortex degenerates. The degeneration 
can be found in progress during the last two months of fmtal life .or 
even earlier. 

It might be thought, therefore, that the condition of the adrenal 
cortex bears a definite relation to the type and severity of the symptoms 
in virilism ; but adrenal hyperplasia is a relatively common finding 
apart altogether &om the adreno-genital sjmdrome, and so we must 
assume that in certain cases there is a functional as well as a structural 
disturbance. Moreover all adrenal neoplasms do not give rise to 
sexual changes ; as a general rule these are most marked in mafignant 
cases. Other forms of the adreno-genital syndrome are referable 
simply to overproduction of adrenal androgens, with the primary 
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stimulus residing either in the glands themselves or in the pituitarj'. 
There may be altered glandular function resulting in virilism rvithout 
naked-eye changes in the adrenals or any incfease in their size. Of 
34 adrenals removed by Broster on account of virilism (Broster 
et at, 1938, p. 164) 62 per cent, fell within normal limits, namely 
between 4 and 7 g., and 12 per cent, below this range ; all of them 
showed fuchsinophilia. Fuchsinophil cells were most abundant in the 
adrenal cortex of patients in whom the symptoms of virilism were 
associated with either tumour or hyperplasia of the cortex. 

The intensity of the reaction seems to bear a definite relation to the 
degree of virilism. Cahill el at state that the reaction is given by all 
adrenal cortical tumours, whether virilising symptoms are present or 
not, but is more pronounced when such symptoms exist. In the 
feminising tumour described by Simpson and Joll (1938) there were 
no discrete siderophil or fuohsinopliil cells such as characterise 
virilising adrenal tumours, only diffuse fuchsinophil staining ; and 
both Broster and Vines (p. 78) and Goormaghtigh failed to find 
them in caroinomafa without virilising symptoms or in “ indifierent ” 
adenomata. Vines observes that the reaction is not confined to the 
adrenal cortex, the stain being taken up also by the interstitial cells 
of the testis (p. 69), the cells of young corpora lutea (to both of which 
the adrenal cortex is oytologically related), and the acidophil cells 
of the pituitary. In oases of virilism, whether hyperplasia exists or 
not, the fuchsinophilia is most pronounced in the reticular zone, less 
so in the fasciculate zone and least in the zona glomerulosa. Since the 
masculinising function of the cortex is a physiologically normal process, 
which in virilism is exercised to excess, it is not surprising that 
fuchsinophil material is present in small amount in the adrenals of 
normal individuals. Sudds (1940) found the characteristic granules 
in the adrenals of 24 per cent, of adult males and 28 per cent, of adult 
females in a series which he examined, the percentage of granules 
increasing with age. They were not found in either sex before the 
age of 24 but were abundant in a 16-weeks-old fmtus. 

If a definite relationship exists between the intensity of the 
reaction and the degree of virilism (as Vines believes), and assuming 
that the former is due to the androgen secreted, one would expect 
the excretion of 17-ketosteroid8 to be equally definitely related to 
the degree of virilism. This is far from being the case. Marked 
hypertrichosis may be associated with normal or even low values for 
17-ketostoroids, whereas an output running into hundreds of milli- 
grams may occur in another patient with hardly any viKlism who 
has an adrenal cortical tumour or, more rarely, cortical hyperplasia. 

An aid to difierential diagnosis ns between male and female 
pseudo-hermaphroditism presents itself in the fact that in only 
0-7 per eent. of male pseudo-hermaphrodites is there persistent 
accessorj' adrenal tissue or bilateral hyperplasia of the adrenals. 
This was revealed in a survey of 970 case reports of pseudo- 
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hermapliroditism made by Neugebauer (1908), who also found that 
those bearing the male gonad are about 7 times more frequent than 
those with the female.* A normal 17-ketosteroids output such as that 
in cases 11 and 12 would be strong evidence in favour of regarding 
the patient as a male. 

In discussing liis case of male pseudo-hermaphroditism, Novak 
(1935) states that there have been many such cases reported “in 
which the only gonads possessed by the patient have been testes and 
in wliich, nevertheless, the external sex characteristics of the patients 
have been typically feminine. After all, every intersex is primarily 
male or female and, in the case of the human being at least, practically 
always female. If this assumption is correct, such patients as the one 
I have described, represent . . . genetic females in which the sex 
reversal took place at early phases of development, with complete 
replacement of ovarian by testicular elements. Depending on the 
time and intensity of the sex switch, all sorts of intergrades may 
develop . . . ”. On the other hand, that these were really genetic 
males is strongly suggested by the sex distribution in such families, 
taken from the records of Bonnier and Moebius and quoted by Allen 
(p. 195), in which, in a ratio of 58 females to 55 males, 42 of the 
latter were pseudo-hermaphrodites. 

It is clear from a survey of the cases covered by this report that 
h 3 rperactivity of the androgenic function of the adrenal cortex both 
ante-nataUy and post-natally has a profound influence on the sex 
characters of both sexes, the tendency being a virilising one in which 
the female characters are suppressed and male characters accentuated. 
In cases in which male characters are weakened, e.g. in male pseudo- 
hermaphrodites, it is feasible to suppose that the androgenic function 
was either weak or late in being established. Such a supposition does 
not necessarily run counter to the hypothesis put forward by Kallmann 
et al. (1944) of a hereditary basis for the condition. An alternative 
put forward by Young is that the defect may be due to malfunction 
of the interstitial cells of the testis. He believes that a certain quality 
of the gonad is required to bring about full development of the 
external genitalia and that in male pseudo-hermaphrodites the 
necessary stimulus is not at hand, with consequent failure of the 
penis, prostate and seminal vesicles to form. Young’s suggestion 
implies that the gonad secretes before birth, which is doubtful ; 
indeed, aU the evidence (admirably reviewed by Moore, 1944) is 
strongly against such an idea. 


SuMjMABY 

1. Six cases of adrenal cortical tumour are described, four of them 
in children, of whom two were boys. Hormone analyses of the urine 
showed a high androgen (17-ketosteroids) output in all cases except 
one ; some excreted pregnanediol also. 
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2. Unusual features in an adult woman with an adrenal tumour 
are discussed at length, namely associated ovarian involvement, 
persistence of menstruation, excess of the eosinophil cells of the 
pituitary, the character and size of the tumour and the excretion of 
a substance other than pregnanediol. 

3. Eight cases of pseudo-hermaphroditism have also been examined, 
in all of whom doubt as to the sex existed at birth. Two of the 
children under 4 had siblings with adrenal cortical tumours and two 
were brought up contrary to the sex of their gonads. One of these, 
a male pseudo-hermaphrodite, excreted normal values of 17- 
ketosteroids ; the other, a female pseudo-hermaphrodite “ men- 
struated ” on hormone therapy in spite of a high IT-ketosteroids 
output. The hormone excretion of two female pseudo-hermaphrodites 
(sisters) was observed over a prolonged period and showed that little 
benefit was derived from unilateral adrenalectomy. 

4. The extent to which the hormone output is related to the extent 
and form of the adrenal cortical abnormality and the degree to which 
it can aid in the differential diagnosis are discussed. Apparently no 
cytological difference is discernible between neoplastic or hyperplastic 
adrenals which secrete progesterone in addition to 17-ketosteroids and 
those which do not. There is overlapping of 17-ketosteroids values in 
tumours and h 5 perplasia. 

6. The mechanism by which the adrenal cortex brings about sex 
alterations antenatally is discussed. 

This work covers a period of two years* tenure of the ICirk Duncanson 
Fellowship from the Royal College of Physicians of Edinburgh. I wish to 
express my indebtedness to Col, Harvey for his interest and to Mr J. G. Carr, 
F.R.S.E., for suggesting the modification of Scott’s gonadotropin method j also 
to the doctors and patients who made the investigation possible. 
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LIESEGANG RINGS AND ANTISEPTICS 
' R. J. V. Ptn,\'ERTAFT, J. R. Grebniko and J. A. Haynes 

From The John Bur/ord Carlill LahoratorieSt 
^Ves^minster 'Hospital School oj Medicine, London 

(Plates XXXH and XXXIII) 

When penicillin is titrated on agar plates by any of the now familiar 
“ inliibition-zone ” methods, concentric rings are often observed 
around the inhibition zone. In the course of experiments on blood- 
agar shake cultures, these concentric rings were formed in great 
variety and complexity. Before describing these rings some general 
considerations affecting periodic phenomena in bacterial cultures will 
bo discussed. 

Tyres oe rings 

The term “ inhibition zone ” is misleading. If the surface of an 
agar plate is seeded and any anti-bacterial agent is diffused from n 
central focus the course of events may bo studied by making coversUp 
impressions. It is found that many organisms including staphylococci 
multiply almost to the edge of the diffusion focus for about two 
hours ; they then rather suddenly lyse over a certain area. A thin 
scum which often remains to indicate where growth has taken place 
produces one type of ring. Tin's type is much better seen in chicken 
fibrin cultures. When staphylococci are added to cliicken plasma 
and the mixture is clotted with embryo e.xtract, the edge of an 
inhibition ^one produced by penicillin shows a dense white halo which 
appears and disappears with changes of vapour pressure ; this halo 
appears to occupy the position of lysed organisms. 

A second type of ring appears only in shake cultures. Siuce the 
inhibition zone in such cultures is a section of a sphere, the deeper 
colonies in shake cultures are nearer the centre than surface colonies 
and produce a ring effect. The most striking rings, however, appear 
at the edge of the inhibition zone, where growth apparently begins. 
It is frequently found that the free edge of the growth is demarcated 
from the confluent growth bj’- a ring of much diminished growth, 
and several concentric rings are sometimes found. 

Tliis appearance is more marked in shake cultures, especially when 
an anti-bacterial agent is floated on to the surface of shake cultures 
in chicken fibrin. If sections are cut, it is found that the colonies 
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to be some action of methylene blue well outside the limits of its 
observed diffusion, since, if it is diffused into a blood-agar plate, 
haemolysis is found after 48 hours outside the sharply defined blue 
zones. Again, if the products of bacterial metabolism react with blood 
pigments, a great variety of Liesegang effects is to be e.xpeoted and is 
actually found. Finally, if the products of metabolism are acid, the 
inclusion of litmus in solution will bring to light further periodic 
phenomena. 

It is now necessary to consider the conditions obtaining at any 
one point peripheral to a diffusion focus. It is assumed that the 
volume of the diffusing agent (as in the experiments to be described) 
is limited, and for the present purpose we shall neglect the fixation 
of diffusing agents discussed above. 


Factors affectino kdjg fowiation 

In a typical experiment shake cultures are made and when the 
gel sets holes are punched and filled with a solution of the anti-bacterial 
agent. The cultures are then incubated and the anti-bacterial agent 
begins to diffuse. But as it diffuses the organisms are growing. Two 
aspects of these processes deserve consideration. Firstly, the diffusing 
agent passes as a wave over any point, having initially a concentration 
of nil, rapidly rising to maximum concentration, and eventually 
falling and reselling stable and uniform concentration as it is diluted 
by the whole volume of the gel. Secondly, as the agent diffuses the 
organisms are growing. Hence the agent may reach the central 
organisms during their lag phase of growth, those more peripher- 
ally situated during their logarithmic phase, and the outermost 
organisms during their maximum phase. It is generally agreed that 
the sensitivity of organisms to anti-bacterial agents is related to 
their growth phase, and it is easy to understand how periodic 
phenomena may be produced by factors wliich alter groivth rates 
in any area. 

The diffusion of simple substances in liquids — ^particularly water— 
has been extensively studied and is well understood : temperature and 
concentration affect the diffusion of non-ionised substances, and 
ionised substances produce electric forces which retard their diffusion. 
The presence of a second ionised substance in the liquid alters the 
electric forces and therefore the rate of diffusion of the original 
substance. Diffusion in gels will be influenced by all these factors 
as well as by the gelling substance used, its concentration and its 
age. The gel is often capable of adsorbing the solvent in which the 
diffusing substance is dissolved. 

The process becomes verj' much more complex when one substance 
diffuses into a gel containing another substance with which the first 
reacts, i.e. the Liesegang ring effect. This effect has been studied 
by many workers since Liesegang’s original paper in 1896, but because 
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of the great number of variables involved the early work showed many 
contradictorj^ results. The more important factors inauencing these 
results would appear to be as follows. ° 

The gel itself can have a great effect on ring production. Effects 
produced in gelatin are not necessarily repeated in agar and vice versa • 
thus Hatschek (1919) found that silver dichromate formed bands in 
gelatin but not in agar, that lead chromate formed bands in agar 
but not in gelatin and that neither produced bands in a silicic-acid 
gel. Although this might have been expected, it was surprising to 
find that different brands of agar gave different effects, some even 
producing no rings at all (Hatschek, 1921). Miiller (1916) was so 
impressed by the specificity of gels that he attributed the whole 
phenomenon to periodic structmes in the gels themselves. Hedges 
and Myers (1926) state that another factor is the ageing of the gel, 
while the gel’s previous history also appears to be important. 

Light affects the formation of rings. Kiister (1913) found that 
periodic lighting produced periodicitj, but other observers produced 
similar effects in the dark. More recently Taboury and Bellot (1937) 
found that in the case they were investigating exposure to a bright 
light for a short time favoured the subsequent formation of rings in 
the dark, while prolonged exposure inlubited ring formation. Maxia 
(1939) quotes instances in which ultra-violet light influenced the 
rings obtained. 

Other factors are the concentration of the gel itself and the 
concentration of the reactants. Stansfield (1917) concluded that 
periodicity was more probable if a strong diffusing agent and a dilute 
reactant were used, a conclusion supported in part by Moravek (1929). 

However, the most troublesome factor to control is the presence 
of impurities. Even in small quantities these may have considerable 
effects : some produce and others inhibit periodicity ■, some increase 
and others decrease the distance between rings ; and ethjd acetate 
may produce spirals. Schleussner (1922, 1924) found intermediate 
rings which he attributed to chlorides and phosphates originally 
present in the gelatin. Foster (1919) found that if she made up her 
gel with tap water instead of distilled water the amount of chlorides 
so introduced caused the silver dichromate rings to be formed in 
groups of three instead of singly. Now that most of the factors 
influencing results are known and attempts may be made to control 
them, it has become possible in recent years to study with greater 
certainty the effects of certain impurities in specific cases, and recent 
literature describes the effects of various acids, radicals and lipoids 
(Taboury and Echard, 1934 ; Taboury and Toumat, 1937 ; Taboury 
and Bemuchon, 1937). Recent theoretical treatment of Liesegang 
ring phenomena has been given by Neumatm and Costeanu (1938) 
and Schemiakin and Mikhalev (1939). 

It is apparent that the physico-chemical factors influencing the 
results in this type of experiment are many and varied. Because 
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of this, because of the complex nature of the substances produced 
by bacterial metabolism and because of the effects of small quantities 
of foreign substances, it is obviously very difEcult indeed to control 
conditions so rigorously that significant conclusions may be drawn 
from the ring patterns in various experiments. However, only some 
of the rings in the experiments described in tliis paper are due to a 
true Liesegang effect : the other ring patterns may well be of 
qualitative use for bacteriological purposes, but it must be bbme in 
mind that other periodic phenomena are also very sensitive to the 
presence of small quantities of foreign substances (Hedges and Myers). 


Methods of AcoENTUATnfo ring porsiation 

From these considerations it is to be e.xpected that the periodic 
phenomena already observed on plate cultures with penicillin can 
be much exaggerated under appropriate conditions. In the remainder 
of this paper a suitable technique is given for their production and the 
results of its use are described. 

Tcchnigue 

1. Ten c.c. of Hartley’s digest-broth agar are melted and placed in a 65“ C.’ 
bath to cool. One o.o. of fresh oxalated human blood and 200 millions of the 
organism suspended in 1 c.c. of saline are added and thoroughly mixed. Plates 
are poured and when set are incubated for 1 hour at 37“ C. Unless the blood 
is quite fresh and unless it is added to cooled agar, results are poor. 

Agar plugs are then removed with a cork borer and the bottom is sealed 
with agar. The cup is then filled with the antiseptic to be tested, and the plates 
ore incubated at 37“ C. for 12 hours. 

2. Alternatively 0-76 c.c. of litmus solution together with the organism is 
added to the melted agar. This technique was used, for the piupose of photo- 
graphy, with bismuth ammonium citrate in the experiments illustrated. 


Results 

iVhen blood agar is used, a most intricate series of concentric 
coloured rings is found ; these can be varied at will by any change 
in the conditions of the experiment. Some important variables are : 
(1) the species and type of organism ; (2) its concentration ; (3) the 
anti-bacterial agent; (4) its concentration; (5) the blood-pigment 
{e.g. oxy- or carboxyhsemoglobin) ; (6) the time elapsing between 
the inoculation of the agar and the application of the anti-bacterial 
agent ; (7) the nature of the medium ; and (8) the duration of 
ineuhation. 

Up to tliirty concentric rings have been counted and the colours 
are very vivid, including reds, greens and yellows. Since there are 
so many variables, only a few general comments will be made. 

Organisms. Appearances when penicillin is used may bo given 
as an example. Organisms produce substances which alter the 
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THE EFFECT OF TEMPERATURE ON 
IMMUNITY IN AMPHIBIA 

K A Bisset 

From the BacUnologif Department^ Univcraity of Bmmngham 

Literature 

Muoh of the early work on immunity m cold blooded \ertebrates was mtended 
to test their resistance to bacterial pathogens of man and other mammals 
Mesml (1895), Ledmgham (1922) and others tried unsuccessfully to mfoct fish 
and frogs with Bacillus anthraciSy and agreed that their mam defence was 
phagocytic Similar experiments have been many times repeated, and, smee 
the pioneer work of Motschnikoff (1884. 1887), the importance of phagocytosis 
in bactenal disease of lower animals has usuallj been emphasised However, 
there is some evidence of the occurrence of humoral antibodies, both natural 
and acquued, m cold blooded vertebrates 

Phisalix and Bertrand (1896) found anti venin m the blood of snakes, and 
Friedenthnl (1900) demonstrated lysis of foreign blood cells by the sera of 
numerous lo^er vertebrates Tchistovitch (1899) found a hTmolysin active 
against many species in the blood of eels, and Kulp and Borden (1942) produced 
agglutinins m a bull frog by repeated mjections of a bacterial vacome 

There is much evidence that infection m lower vertebrates is frequentlj 
caused by non specific organisma Wyss (1898), Bobes and Riegler (1903) and 
Markoff and Jatachewa (1939) reported infection offish with Proteus Nobdcourt 
(1923) produced a fatal infection m frogs by a plant pathogen {Bacillus core 
tovonis) Calmette (1922) and Williamson (1929) believed that infection of fish 
and frogs with saprophytic bacteria might occur Miura (1924) described cases 
m Tvhich phosphorescent bacteria derived from marine fish ^\ere pathogenic 
to freshwater fish Griffith (1941) found snakes susceptible to avian strains 
of Mycobacterium tuberculosis Harkins (1927) and others described the 
survival of Erysipelothnx rhusiopathxce m fish Davis (1921 22) and Gamjobst 
(1946) described the mfection of fish with a My\ococcus, normally hairless, 
but capable of the mvaaion of injured tissues at high water temperatures 

In a previous paper (Bisset, 1946), I have demonstrated that fish maj 
become mfected naturally with saprophytic water bacteria, between whose 
m\asive powers and the defences of the fish a balance appears to exist at low 
temperatures A rise m temperature to about 20“ C will upset tins balance, 
and the bacteria may then produce disease end even the death of the fish If 
the fish survues, however, it will clear itself completely of infection Pish 
appear also to have much greater resistance to mitial mfection at higher than 
at lower temperatures 

In the bacterial disease of frogs known as " red leg ”, first studied by 
Bannrelh (1891) and Russell (1898) it was discovered by Emerson and Norris 
(1005) that, m frogs already mfected with the disease, its course was completely 
controlled by the temperature and could be arrested by placmg the frogs at a 
little above freezmg point In a similar mfection, Ernst (1890) had observed 
tliat frogs appeared to have a greater resistance to initial infection at a higher 
than at a lower temperature 
J ntn B kct — TOL iix 
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These observations are entirety compatible with my prenous 
findings in fish, and accordingly I decided to extend my investigations 
to amphibia. 

ExPERtVTEKTAI, OBSEBVATIO'S 

The first expeiiments were attempts to raise the tadpoles of Rana 
temporaria in a sterile condition. It is quite simple to remove the 
ova from a female frog and fertilise them m uitro with an emulsion of 
the testis of a male ; but it is impossible to avoid contamination with 
bacteria, derived apparently from the OAuduct, which gradually increase 
and spread through the albumin of the spawn. 

In numerous unsuccessful attempts to sterilise the outside of the 
spaum with such substances as mercurochrome, chloroform 

and so forth, the minimum concentration necessary to inhibit bacterial 
growth was invariably found to be greater than the maximiun 
tolerated by the embryo. Penicillin was found ineffective because of 
the high proportion of Gram-negative bacteria present. It was also 
somewhat toxic to the embryo in high concentrations. 

Eventually success was achieved by permitting the fertilised ova 
to absorb a solution of streptomycin (20 units per c.c.) in the process 
of the swelling of the albumin. Completely sterile embryos were 
raised up to the commencement of feeding. Because streptomycin is 
difficult to obtain this teclmique had to be discontinued, and it was 
therefore decided to employ a pigmented organism that was easily 
distinguishable from the bacteria occurring fortuitously in the tadpoles. 
Since the degree of infection of the peritoneal cavity was foxmd to bo 
small, and since fluorescent bacteria were seldom present, a strain 
of Pseudomonas fluorescens isolated from water was used for the 
remainder of the experiments. This organism was exceedingly 
tolerant of temperature variation, growing well at 37° C, and below 
10° C., with an optimum in the region of 20° C. It rapidly produced 
a strong pigment and was thus readily detectable in impure cultures. 


Inoculation of tadpoles 

In the first experiments, 0-05 c.c. of a suspension made by 
emulsifying a few loopftds of a 24:-hour culture in 5 c.c. of saline was 
inoculated intraperitoneally into each of a large number of tadpoles. 
The death-rate from this inoculation was invariably high — from 30 
to 70 per cent — and no significance has therefore been attached to it 
in the experiments on tadpoles. Conclusions have been drawn solely 
from the degree to which the bacteria were able to survive in the 
peritoneal cavity of inoculated specimens. 

After inoculation the tadpoles were kept for 24 hours at room 
temperature, to which they had been accustomed, and the survivors 
were then placed in wide-mouthed 50 c.c. flasks— ten to a flask. 
Half of the flasks were kept at 8° C. and half at 20° C. The ta pQ ea 
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were fed on sterile minced meat, and at the end of a week they were 
killed by placing them in a solution of 6 per cent, urethane in water. 
They were then left for a few minutes in 1 per cent, mercuric chloride 
solution and opened with sterile precautions ; cultures were made 
from the peritoneal fluid. 

The results (table) show that the survival of bacteria ’is much 
greater at the lower than at the higher temperature. 

Tabix 


Survival of Pe. fiuorescens in tadpoles at 8“ and 20® G. 


1 — — — 

Batch 

Temperature 

Total no 

N'o carryingPi.^uoreifcn* 

1 

8“ C. 

1 31 ^ 

27 

2 


20 1 

17 

3 


1 21 

19 

4 1 

20* C. 

, 18 

3 

5 


10 

3 

6 ' 

.> 1 

1 20 

1 


There was no apparent diSeronce in the health of the two groups. 

Inoculation of adult frogs 

For the subsequent experiments adult frogs were used. Two large 
frogs were kept at 8° C. and two at 20° 0. : all were injected with 
0-2o o.c. of a lulled suspension of Ps. fluorescens intramuscularly in 
the thigh at intervals of two days. After 18 days they were killed 
and decapitated, and a few c.c. of blood were taken from each. 
Agglutination tests were performed against the homologous organism, 
which was agglutinated to a titre of 1 ; 2000 by the serum of each of 
the two frogs immunised at the warmer temperature. The serum 
of the frogs immunised at the lower temperature gave no reaction 
at a titre of 1 : 80 — the lowest dilation tested. The serum of two 
non-immunised frogs kept at 20° C. for a similar period gave no 
agglutinins. 

Lastly, two strains of the same organism, wluoli initially had a 
low pathogenicit 3 ’ for frogs, were passaged through two groups of frogs 
at 8° and 20° C. respectively. 0-25 c.c. of a suspension made by rubbing 
up a few colonies in 10 c.c. of saline was injected intraperitoneally. 
After tu’o daj's a few drops of peritoneal fluid were aspirated ndth a 
sjTinge and cultivated on an agar plate at 20° C. As soon as sufficient 
growth had appeared, a few colonies were picked off and suspended 
in 10 c.c. of saline, and 0-25 o.e. was injected into the next frog. This 
technique was adopted instead of direct reinoculation of the peritoneal 
fluid in case anj' frog should be carrying other bacteria in its bodj' 
cavitj’ — as sometimes happened. 

Fiom'tho first six frogs at each temperature, cultures were made 
from aspirated fluid at 2-daj’ intervals and it was discovered that the 
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degree of infection at 8° C. remained unchanged for at least two 
weeks in every case. Some frogs kept at 20'’ C. became completely 
sterile in four days ; others did not completely clear themselves in 
two weeks, although the degree of infection was greatly^ reduced. 

During the 7th, Sth and 9th passages, the strain being passaged 
at 8° C. was found to be losing its power of producing pigment. 
Much as usual, this appeared after 18-20 hours’ incubation, hut it 
never developed its full brilliance and faded almost completely after 
3-4 days. To discover whether this was due to conditions of passage 
or was an effect of temperature alone a strain of the original organism 
was subcultured at 8'’ C. at 2-day intervals. After three weeks its 
power of pigment production was unchanged. 

After the 9th passage, the two strains of bacteria were inoculated 
into two groups of six frogs, each of which received 1 -6 c.c. of a very 
heavy suspension intraperitoneally ; all were kept at room temperature. 
After 24 hours, all six of those which had received the strain passaged 
at 20° C. (strain A) were dead. One only of those receiving the strain 
passaged at 8° C. (strain B) was dead, but during the next day three 
more died, though the other two survived. A similar dose was given 
to two groups, each of twelve frogs. All that received strain A died ; 
two that received strain B survived. Most of those that received 
strain A died much more rapidly than those that received strain B. 

Two groups, each of nine frogs, were then given graded doses of 
from 0-1 to 0-9 c.c. of a rather weaker suspension of each strain. In 
24 hours, two that received strain A survived, one of which was 
moribund ; five that received strain B survived. Before passage, 
the original strain was not strongly pathogenic and similar doses 
had in all cases failed to produce death. These experiments indicate 
that the increase in virulence caused by passage at 20° C. is much 
greater than that caused at 8° C. 

In the frogs dydng of infection there was some slight evidence that 
the invasiveness of strain A was also greater ; because, in addition 
to the greater speed of death, cultures taken from the muscles of 
the thigh showed a more profuse growth of strain A than of strain B. 
Cultures from the heart blood and from the peritoneal cavity showed 
profuse growth in all cases. 

Agglutinating antisera were prepared in three rabbits agains 
strains A and B and the original strain. Cross-agglutination reactions 
showed that strain B and the original strain were antigenica y 
indistinguishable, but strain A did not agglutinate to so liigh a titre 
as the homologous organism with antisera prepared against the other 
two strains (1 ; 500 for strain A and 1 : 1000 for the homologous 
organisms). 

Discussion 

From the above data it appears that the phenomena previously 
recorded in fish (Bisset) may be general for cold-blooded vertebrates. 
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Bacteria and host, wliich are tolerant of one another at low 
temperatures, become intolerant when the temperature is raised. 

To some extent, this fact is explained the present demonstration 
that the production of circulating antibodies in the frog, which is 
both potent and rapid at 20° C., is completely inhibited at 8° C. 
None the less, the remaining defences of the frog appear to be sufficient 
‘at the lower temperature to restrain the invasiveness of the bacterium 
and to induce it to adopt a condition of balanced parasitism, although 
it remains potentially capable of producing disease and death. 
Paillot (1921) has made a similar observation in insects, but he 
claims that phagocytosis is also inhibited. The available evidence 
on this point is more fully discussed elsewhere (Bisset, 1947). At the 
higher temperature, the infecting bacterium appears also to become 
more readily exalted in virulence and correspondingly changed in 
antigenic structure, although it grows well at both temperatures. 


SUSQIABY AND CONCLUSIONS 

1. Both adult and larval frogs rid themselves of bacterial infection 
more rapidly at 20° C, than at 8° C. At the lower temperature a 
condition of symptomless parasitism may result. 

2. The production of agglutinins is inhibited at 8° C., whereas at 
20° C. the}^ are produced in liigh titre by inoculation with heat-killed 
vaccines. 

3. Serial passage in frogs produces a much greater increase in 
virulence in a strain of Pseudomonas fluoresccTis at 20° C. than at 
8°C. 

4. A technique is described for the production of sterile ampliibian 
embryos by the use of streptomycin. 
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(Plates XXXIV-XXXVI) 

A SMALL number of mice of nearly all strains develop spontaneous 
IjTnphoid tumours Cloudman (1941) gives a simple classification of 
the changes occurring m the lymphoid tissues of mice, m which he 
distinguishes three stages hypertrophy of lymphoid tissues (hyper- 
plastic nodules or lymphoma), neoplastic invasive growth of cells of 
fairly uniform typo (lymphocytoma, leukeemic and alouKsemic), mahg- 
nant growths of polymorphic cells (lymphosarcoma, leukeemic and 
aleukiemic) Cole and Furth (1941) have shown that female mice of 
some strains exhibit a higher incidence of tumours of blood forming 
tissues than male mice Hence it may be assumed that cestrogemc 
stimulation is associated with neoplasia of these tissues (Furth, 1946) 
The following experiments were undertaken to mvestigate the 
influence of cestrono combined with castration on the lymphoid 
tissues of male mice of two laboratory stocks, designated H and 
RxH respectively RxH stock was originated by crossmg stock 
H with a stock R from another laboratory These stocks are not 
inbred except in the general sense that ammals kept in separate 
groups and allowed to breed freely are inbred The stocks are 
maintamed for the purpose of routine transplantation of standard 
tumours 


■MrxnoDS 

“Mice of H and R X H stoclca were used in the present e^eriments The 
mcidenco of IjTnphoid tissue changes in these two stocks is not high and may 
be less t|inn 1 per cent 

Male mice of each stock were divided into three groups , those of the first 
group were castrated and then pauited with oestrone, those of the second were 
painted but not castrated, those of the third soned as controls Castration 
was performed on young mice of both stocl^ at the age of throe or four weeks 
The bi weekly application of 0 01 por cent kotohydroxj cestrono m chloroform 
was usually started a week after the operation "Mice of H stock, both castrated 
and non castrated, wore painted for six montlis , mice of the RxH stock 
were painted for four months Tho thymus and Ijanph nodes were examined 
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microscopically at death; except when death occurred after only a few weeks 
of painting. All mice were maintained under similar conditions on rat-enko 
diet with an unlimited supply of tap water. 

Results 

Several authors (Lacassagne, 1938; Gardner, Kirschbaum and 
Strong, 1940) have described the effect of estrogens on mouse lymphoid 
tissue and have classified the changes induced into those affecting the 
lymphoid tissues and organs vithout involvement of the thymus 
gland, and those affecting the tlijunus, nith or without involvement 
of other lymphoid tissues. The tymphoid tissue changes induced in 
the present investigations were divided into three groups : (1) those 
of the Ijnnph nodes and other lymphoid organs without involvement 
of the thymus ; (2) those affecting the thymus alone ; (3) those of 
the thymus, lymph nodes and other l 5 Tnphoid tissues and organs- 
The results of these experiments are presented in the accompanying 
table. 

Table 

Incidence of lymphoid iissiie changes in male mice of two laboratory stoch 


stock 

1 

j 

Experi- 

mental 

procedure 

Xo. 

of 

miccl 

1 

Average 
age at 
wlilcli 
response 
occurred 
(months) 

Died' 

i)cfore 

earliest 

response 

occurred 

^’0 

response 

Ilcepondcd to 
treatment 

Lympli-node 
cliangcs, 
uitli changes 
in other 
l.vnjpl)oid 
organs 

TJiynms 
cliangcs 
only ] 

Lynijiii-nolt 
and tli 5 i!ir.< 
ct»ngi-«, wiifi 
clnnRM u 
other l.vinrMl 
organ* 

1 

H 

Castration 

and 

painting 

97 1 

1 

9-7 

33 

i 

27 

i 

58 

(59 per cent.) 

j 

22 

1 


9 


Painting 

1 

100 1 

9-3 

1 

47 

47 

c 

(11 per cent.) 

4 ! 

1 

! ^ 

EtxH 

Castration 

and 

painting 

49 

i 

1 

C-G 

i 

3 

i 

! 14 

1 

32 

(70 per cent.) 

1 

10 

1 12 

10 


; Painting 

60 

0-0 

12 

39 

i ^ 

' (19 per cent.) 

1 

3 

5 1 


It can be seen that osstrone painting alone caused lyunphoid tissue 
changes in male mice of both stocks. The incidence of these changes 
was much higher in mice which were castrated as well as painted. 
This suggests that in both stocks elimination of the male sex hormone 
and excess of the female sex hormone result in stimulation of the 
grou'th of the Ijunphoid tissues. No changes occurred in the Ijunphoid 
tissues of 84 control mice (40 in H stock and 44 in RxH stock), 
although these lived for periods considerably longer than 20 m^onths. 

The difference between males of the H and BxH stocks lies in 
the rate of their response to cestrone treatment. The mice whic i 
responded to treatment showed signs of ill-health and emaciation. 
If the thymus was involved there was difficulty in breathing, with 
cy’anosis. The lyunphoid tissues exliibited changes wliich vane 
from simple enlargement to hyperplasia with invasion of ic 
surrounding tissues. 
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Changes in the thymus gland 

These comprised enlargement of the gland (fig. 1) and in most 
cases invasive growth into the lungs, trachea, diaphragm, pericardium, 
costal cartilages and intercostal muscles. In such cases a white mass 
of tissue filled the anterior mediastinum down to the diaphragm. 
The thymic changes were frequently accompanied by hypertrophy 
of the axillary, cervical, inguinal and mesenteric lymph nodes, and 
in addition the spleen, liver and kidneys were often enlarged. 


Changes in lymph nodes 

Enlargement of the axillary. Inguinal and ceridcal lymph nodes 
was usually bilateral and the abdominal lymph nodes and spleen 
were often enlarged. In the majority of these animals the thymus 
was involuted (fig. 2), but in some it was enlarged and there was 
infiltration of the liver, lungs and kidneys by lymphoid tissue. 

No changes were found on examination of blood from the tail or 
from the heart in any of the mice. 


Histological changes 

In the enlarged lymph nodes the normal structure was usually 
obliterated, the tissue consisting of fairly uniform large cells with 
numerous mitoses, while similar cells invaded the capsule and 
penetrated into the surrounding tissues (figs. 3 and 4). Similar 
conditions were found in relation to the enlarged thymus (figs. 5 
and 6), where the enlarged lymphocytes had invaded lungs (fig. 7), 
pericardium (fig. 8), veins (fig. 9) and arteries (figs. 10 and 11), and 
had penetrated into the adjacent cartilages. Perivascular infiltration 
was most marked in the lungs and there was notable infiltration also 
of the kidneys (fig. 12). 

This condition, characterised by overgrowth of uniformly enlarged 
lymphocytes with numerous mitoses and by their invasive growth 
into surrounding structures, resembles the lymphoid tissue change 
classified hy Cloudman as lymphocytoma. 

The earliest changes in males of the H stock appeared after three 
months, the latest after twelve months from the beginning of treat- 
ment. In the ExH stock the earliest changes were seen in six 
months and the latest in eleven months. 


Discussion 

The influence of female sex hormone on the development of tumours 
and allied changes in the lymphoid tissues of mice is indicated by the 
higher incidence of changes in female mice of many strains (Cole and 
Furth). MacDowell (1936), however, found in C 57 mice that the 
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sexes were equaUy susceptible to the induction of neoplastic changes 
in Ijnnphoid tissues. Mercier (1938) found IjTnphoid changes to be 
tndce as frequent in female as in male mice, fracassagne (1937, 1938) 
reported the production of Ijnnphoid tumours after prolonr'ed treat- 
ment mth oestrogenic hormones. The majority of these° tumours 
appeared in male mice of cancer-resistant strains and were lympho- 
sarcomata of the thymus. Gardner, ICirschbaum and Strong (1940) 
increased the incidence of lymphoid tumours from 1 to 15 per cent., 
and Gardner (1942) from 2 to 25 per cent., by treatment with 
oestrogenic hormones. These tumours were successfully transplanted 
for many generations. Shimidn, Grady and Andervont (1941-42) 
reported the eatly development of lymphoid tumours after oestrogen 
treatment of strains of mice in which these tumours normally appear 
at an advanced age. 

Some workers regard the part played by cestrogens in the induction 
of lymphoid tumours in mice as of greater importance than the genetic 
factor (Lacassagne, 1938). Others are of the opim'on that the tendency 
to form lymphoid tumours after treatment with cestrogens is condi- 
tioned by the genetic factor, since some strains are more susceptible 
than others (Gardner, 1941 ; Gardner, Dougherty and Williams, 1944). 

In view of the significance which has been attributed to the 
female sex hormone in the induction of lymphoid tissue changes in 
mice, experiments were carried out by several investigators to 
ascertain the influence of gonadectomy on the incidence of lymphoid 
tumours. In females of a strain of mice with a high incidence of 
neoplasia of blood-forming tissues, McEndy, Boon and Eurth (1942-43, 
1944) lowered the incidence by ovariectomy at the weaning age. 
OrcMdectomy, however, had no significant influence on the incidence 
among males of the same strain. Gardner, Dougherty and Williams 
(1944), and Kirschbaum (1944) showed that gonadectomy did not 
significantly alter the incidence of neoplastic changes in mice of strains 
in which the incidence is approximately the same in both sexes. 
Murphy (1944) in another strain increased the male incidence by 
castration, but ovariectomy had no significant effect, Murpiij' 
considers the sex difference in susceptibility to spontaneous neoplastic 
changes of blood-forming tissues to be the result of an inlubitory 
effect by the male sex hormones. Miller and Pybus (1942) raised the 
incidence of lymphoid changes both by ovariectomy and by castration 
in the male. Thus experiments to ascertain the influence of gon- 
adectomy on the development of lymphoid tumours have not yielded 
uniform results. 

The present experiments suggest that the cestrogens exert a 
strong influence on the lynnphoid tissues of male mice of the two 
laboratory stocks examined. Their administration induced lymphoid 
tissue changes and a greater increase of these changes followed 
orchidectomy combined with the application of cestrogens. Whdc 
the average age at which the response occurred in castrated and 




Fi(.. 5 — Cell** of an cnlargc<l thymus under* 
going nnitotic division Castrated mouse 
following 4 months’ cestrono treatment. 
H andi:. X360. 


Fio. 6. — ecu'* of an enlarged thymus invading 
tho mtarcostal muscles m a non castrated 
mouse following 0 months’ csstrone treat- 
ment. H. and E. Xl25. 



' ^ Tig. 7 — Cells of an enlarged thymus invading 
' the lungs in u non castrated mouse after 
Cs) 6 months’ ttstrono treatment. H. and E. 
jJ XlOO. 




Fio. S — Cells of an enlarged thymus invading 
the pericardium in a castrated mouse after 
C months’ cc«trono treatment, H. and E. 
XlOO. 
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non-castrated mice was approximately the same, it was lower in the 
BxH stock than in the H stock of mice. 

Burth (1946) has pointed out that discontinuation of oestrogen 
treatment after three months induces a higher incidence of tumours 
of hlood-forming tissues than continuous treatment, probably because 
of the longer life span of the mice. The high incidence of lymphoid 
changes obtained in the present experiments may be partially due 
to a somewhat similar curtailment of treatment (4-6 months). 

It is difScult to decide whether the l5Tnphoid changes in the 
present experiments (lymphocytoma of Cloudman) were of a truly 
malignant nature, as repeated attempts to transplant both the 
enlarged lymph nodes and the thymus were unsuccessful. The 
strains of mice were not homozygous, which may at least partially 
explain the failure of transplantation. 

While in the present experiments some of the changes were 
induced during the application of mstrone, others appeared only 
6-12 months after cessation of the treatment. It is not known 
whether tliis can be explained on the basis of Furth’s suggestion 
that the mode of action of oestrogens is to induce atrophy of lymphoid 
tissue, which is followed by regeneration. 

There are several factors at least which are able to increase the 
incidence of lymphoid tumours : heredity (Richter and MaoDowell, 
1935), X-rays and irradiation (Purth and Furth, 1936), carcinogens 
(Morton and JGder, 1938), hormones and nutrition (Furth, 1946). 
Gorer (1940) has suggested that “ another factor, similar to the milk 
factor but transmitted in a different way, may play a decisive part 
in the incidence of other types of tumours ”. The presence or absence 
of such a factor may account for the different results obtained by 
different workers in the induction of lymphoid tumours. 

SOMHABY 

The influence of oestrone on the lymphoid tissue of male mice 
of two laboratory (H and R xH) stocks of mice was investigated. 

The mice were divided into three groups, of which one was painted 
with O'Ol per cent, ketohydroxyoestrone in chloroform, the second 
castrated and painted, wliile the tliird served as a control. 

The changes in lymphoid tissue induced by the treatment consisted 
of local or general enlargement of lymph nodes or thymus gland or 
both, with or rrithout invasion of surrounding tissues. Liver, kidneys 
and lungs were also frequently infiltrated but no blood changes were 
found. 

Histologically these changes resembled neoplasia, but transplanta- 
tion was unsuccessful. 

The incidence of changes was as follows. 

1. Pointing alone : II per cent, in stock H ; 19 per cent, in RxH 
stock. 
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2 . Castration follo^red by painting : 59 per cent, in stock H • 
70 per cent, in R xH stock. 

3. 2vo changes appeared in any of the control mice. 

The part idayed by oestrogens and other factors in the induction 
of these lymphoid tissue changes in mice is discussed. 
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SHORT ARTICLES 


576 . 851 .4 {Bacteroides ftinduhformts) 
BAOTEEOIDES FUNDULIFOSMIS (FUSIFOKMIS NECBOPHOBVS) 
A Charlotte Ruys 

From the laboraiorus of the City Health Department, Amsterdam 
(Plate XXX\ai) 

In the coulee of one year I received for deterromation three strains of obligato 
anaerobic Gram negative bacteria isolated from the blood of patients with a 
clinical picture of sepsis Dr B J Mansens, who sent me the first strain, 
provisionally labelled it as B fundultformta He cultivated the stram m 
August 1943 from n patient suffermg from septic tonsillitis, twice from the 
blood and once from a pleural exudate After a very long illness the patient 
finallj reco\ered 

The second strain was isolated by Dr N Lubsen, working in my laboratorj 
m the sprmg of 1944, from the blood of a fatal case of sepsis probably due to a 
primary di\ orticulitis He twice obtained a pure culture m Tarozzi h\ er broth 
Dr A J L Terwen culti\ated the third strain from the blood of a patient 
suffering from a pentonsillar abscess and thromboplilebitis of the jugular vein 
followed bj sepsis This patient also died 

A fourth strain I cultivated myself in February 1945 from pus obtained 
ftotn the Vnee joint of a patient with post pattum pyccmia The pua also 
contained streptococci Special circumstances made it impossible to culture 
the blood of the patient in order to be certain whether death was due to 
streptococcal py-cmia or infection with the anaerobic micro orgamsra 


Strain I 

The determination of the first stram gave rise to many difficulties Stainmg 
by Gram's method displaj ed unevenly coloured rods, often so pale that it was 
practicallj impossible to recognise them os bacteria In rather heavily grown 
brain broth media (Rosenow) often no rods could be seen, but many faintly 
coloured ball like shapes which did not show any structure whatever oven with 
dark ground illumination Only after web fixation m formaldehyde vapour 
and staining m Giomsa’s solution was a very clear cut picture obtamed, showmg 
fauitly blue protoplasm with bnghtlj red stained particles 

In the smears from the purulent pleural exudate this micro organism had 
tho appearance of an ev enlj formed bipolar rod, but in culture media the picture 
was highlj pleomorphic In somo cultures unevenly stained rods dominated 
the field, in others there were long bluish threads with red granules at regular 
intervals, sometimes thej seemed blown up like sausages (fundulus) Tlie 
most curious picture was shown bj tho balls, which v aried from v ery small to 
large conglomerates built up of bluish protoplasm and irregularly scattered 
red granules It was impossible to distinguish anj regulantj in the different 
stages m winch tho micro organism exhibited itself In somo cultures small 
rods, long threads and small and largo balls were seen in tho same field The 
313 
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balls varied from 2 to 12 in diameter ; tlio rods had a length of 2-3 « nntl a 
■width of 1/2-3/4 Threads and sausages varied considerably in size 1 - 5 ). 

^Iturally, growth occurred only under anaerobic conditions and was not 
visible before 3-6 days. Rosenow’s brain broth was the most satisfaeton' 
hver broth with pieces of liver much less so. Shortly after isolation the colonies 
on glucose blood agar gave a faintly greenish tinge, which became much less 
pronounced in subcultures. Growth in several carbohydrate media was so 
variable that it was impossible to use it for cJossiBcatinn. Sahei!hur <>3 ia 
glucose broth or glucose agar lost -viability. Wo cultivated the organism for 
14 years in the Rosenow medium and finally lost it in the spring of 1945 owing 
to the lack of gas and electricity in the laboratory. Immediately after isolation 
the strain was slightly pathogenic for guinea-pigs and mice. Inoculated mib- 
cutaneousR’- it gave rise to a large infiltration in whose centre an abscess formed 
which broke open and healed after a week. A soluble toxin -was not formed. 
Intraperitoneal inoculation of the strain was harmless. Subcultures lost their 
virulence very soon. 

In accordance with the descrifition of Weinberg ei al. (1937) we labelled the 
strain provisionally as Bactcroidcs Junduliformis, especially on account of its 
strange morphology. The only difference was that our strain did not grow 
readily in ordinary glucose broth. We succeeded in sending our strain to 
Paris and received the answer from Dr Reilly that he agreed with our 
identification. 

The patient showed a clinical picture so well in accord with the descriptions 
in French literature (Teissier et al., 1931 ; Lemierro ct al., 1940) that the 
physician, Mr Smit, had msido the diagnosis of funduliformis sepsis even before 
the bacteriological examination which finally confirmed it. 

Strain 2 

This was also strictly anaerobic, but it grew better in Tarozzi’s liver broth 
than in the Rosenow medium. It had less tendency to form balls and threads. 
Tliese were numerous only in the first subcultures in brain broth. Later the 
rod form predominated and only occasional sausago-liive forms or small ball 
shapes appeared. With Gram’s stain they gave the same picture as strain 1, 
and only after wet fixation in formaldehyde vapour and staining ivith Giemsa’s 
solution were the typical forms of figs. 6-10 seen. 

Strain 2 -was even less virulent for guinea-pigs and mice. A small infiltration 
at the site of inoculation disappeared in a few days. Because this strain also 
grew readily in glucose broth it is perhaps more in agreement -with the description 
of B. funduliformis given by Weinberg than strain 1. In spite of the differences 
between the two strains 1 thinli it is justifiable to label them both provisionally 
as B. funduliformis [Fusiformis nccropliorus), perhaps belonging to different 
types. 

Strains 3 and 4 

Strains 3 and 4 behaved in practically all respects like strain 2, except that 
in the first months there was very^ little pleomorphism. In the spring of 19 o 
strains 2 and 3 were lost, but with strain 4 I observed a few months later < lo 
ty’pical sausage-like appearance and from time to time also the small ba^ ■■>. 
So in spite of the rarity of the special forms in the first months after^isolation 
I am convinced that both strains belong to the same species as strain 


Strain 5 


la FebTOBjy 1946 1 received a strain of B. funduliformis isolatet^n 1940 ly 
fhe late Prof. Kapsenberg at Groningen from the blood of a child su enng r 
sepsis after otitis media complicated with thrombosis of the latera sinu 
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BACTEltOIDbS lUbDVtlFOnMIS {FOSIFOIIMIS NECROVUORUS) 



Fio 5 Fig 6 



Fig 7 Fio S 




liG 9 Fig 10 

Sactcroi({cs fundtiliformis Ksi/onnts nccropJorua) Met fixation Jii formniclelijdo 
\ttpour Gicmsa s fttain XlOOO 
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jugular vein The strain %\as cultivated from the sinus and "was mixed with 
staphylococci Prof Kapsenberg succeeded in getting a pure culture which 
was kept alive for 6 years in Tocunaga agar The patient reco\ered after a 
prolonged illness In my hands the orgomsm behaved much lil^e stram 1, 
especially in morphology It grew however much less readily in brain broth 
This difference may have been due to the fact that it was cultivated for so 
many years in quite another medium 

The future will sliow wliether isolation of several strains of B funduliformiB 
durmg the war means that lowered resistance has favoured mvasion bj this 
micro organism Because sulphonamidea have not proved of much value in 
the treatment of these mfections, 1 tried whether my own remammg stram 
and that of Prof Kapsenberg, of different types, were perhaps sensitive to 
pemcillm 

The penicillm was diluted m Tarozzi liver broth in such a way that each 
tube contamed 10 c c of the medium with fallmg doses of pemcillm To each 
tube 5 drops of a well grown young culture were added , m another experiment 
the tubes were much more heavily seeded The results were read after 2 and 8 
days Check testa were made with pemcillm alone and without pemcillm The 
concentration of pemcillm was from 6 imits to 0 1 xmit per c c of the medium 
Two different samples (a and b) were used As the table shows, both types of 


Table 

Growth of B funduliformis tn Tarozzi liver hroth with the 
following concentrations of penicillin 




C unite 
per cc 

1 unit 
pcrcc 







Penicillin (a) (CSC) 


4 

5 drops 

_ 


- 

+ 

+ 

6 

6 „ 

— 

— 

— 


+ 

4 

1 c c 

— 

— 

+ 

+ 

+ 

6 

1 .. 





+ 



PeniclUin (b) (Cbas Pfizer and Go } 

4 

5 drops 


_ 


+ 

+ 

6 

5 , 




+ 

+ 


P funduliformis are sensitive to concentrations of pemcillm which can be 
reached m the blood by normal treatment As the disease often ends fatallj 
it will be worth trying pemcillm treatment m ©very case where funduliformis 
infection is suspected A short statement in the Presse midicale (16 Feb 1946, 
Bull Hop de Lyon) that a case of funduliformis sepsis recovered after treatment 
vith penicillin supports this view 


Summary 

Pour strains of BaiUcroidcs funduliformis {Fusiformis necrophorus) were 
isolated from blood and pus of patients suffermg from sepsis Wet fixation 
m formaldehyde vapour and stommg with Giemsa’s solution showed red 
granules m a bluish protoplasm In smears of pus the rod form prevadod , 
in cultures, a highly pleomorphic picture was common The strains belonged 
to tvio types, m one the ball and sausage like forms prevailed, m the other the 
rod form Penicillin concentrations of 1 to 0 5 unit per c c mhibitod the growth 
in Tarozzi liver broth of both types 
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576 . 851 . 49 {Shigella Jlex 7 ien ) : 576 . 8 . 093 . 3 

NON-]MANNITOL-FERMENTING SHIGELLA FLEXNEBI, TYPE 103 

. M. G. Nelson 

From the B.A.F. Institute of Pathology and Tropical Medicine, 
Halton, and Queen's University, Belfast 

In the summer of 1945 seven strains were isolated of a Floxner-type dyBcntcry 
organism with aberrant sugar reactions. Six of the strains came from tlio 
stools of nine cases of bacillary dysentery occurring as a small localised out- 
break in one R.A.F. mess at Takoradi, Gold Coast. The seventh strain was 
found in the stool of one of the African mess boys employed in handling food 
at the same mess ; he was a healthy carrier and presumably the source of 
infection. On MacConkey’s medium and sodium desoxycholate (HjTies's 
modification), the strains appeared in the smooth phase on primary isolation. 
All were non-motile when tested by Craigie’s (1931) tube method and all gave 
similar biochemical reactions (table). 

Table 


Biochemical reactions of aberrant dysentery strains 


.Motility 

a 

0 

0 

tp 

0 

g 

0 

V 

ts 

0 

*s 

p 

s 

s 

u 

% 

0 

“rt 

Arablnoso 

0 

0 

>> 

hi 

0 

c 

5 

0 

5 

*5 

OQ 

Methyl red 

u 

V 

S 3 

rt 

s 

ff 

&• 

tc 

0 

> 

B 

£ 

J 

0 

a 


- 

+ 

A 

- 

— 


A 

A 


— 



- 

— 

N.C. 

— 

— 


A = acid ; N.C. = no change. 


Serological reactions 

The strains formed indole and fermented only glucose of the four primary 
sugar substrates used (glucose, lactose, mannitol and sucrose). This biochemicnl 
pattern suggested a diagnosis of Shigella schmitzi but tho strains failed to 
agglutinate with Schmitz antiserum. They w'ero then tested against sera 
prepared with Sachs’s arabinoso-fermenting para-Schmitz strain Q 902, but again 
with negative results. However, when tho organisms were tested agamst poly- 
valent Floxner 2 antiserum (Oxford Standards), significant ngglufination 
resulted. On primniy isolation the strains agglutinated to about 1 : 100 with 
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polyvalent Flexner 2 antiserum, but on subculture all -wont to full titro at 
1 : 250. On primarj' isolation the strains were specifically agglutinated in low 
titre by Oxford Standards Flexncr 103 antiserum and failed to react with other 
Flexner type antisera. In subcultures all showed a marked tendency to rough 
variation associated with a rise in titre against Flexner 103 antiserum and a 
broadening of the antigenic range against other Flexner type antisera. 

These findings suggest that Oxford Standards antisera against the FJexnor 
group are low in type-specific agglutinins and high in group component, which 
may cause difficulty in diagnosis with recently isolated strains where the type- 
specific antigen is dominant. In diagnostic work monovalent absorbed antisera 
containing only the tj’pe-spocific component have many advantages and allow 
rapid and specific typing of members of the Flexner group. In practice it is 
difficult to prepare a specific antiserum with a high enough diagnostic titre ; 
and a second difficulty is that such a specific absorbed antiserum determines 
only the presence of the type-specific antigen and not the complete antigenic 
structure. The sub-races VZ and "WX of Andrewes and Inman (1919) contain 
the tj’pe-specific antigen of one type and the group antigenic structure of anotlier. 
This diagnostic difficulty can bo obviated and the complete antigenic anal^'sis 
made by testing all strains which react with monovalent absorbed Flexner V 
and \V antisera with other appropriate antisera to determine the group antigenic 
structure. The seven non-mannitol-fermcnting strains were tested against a 
range of specific absorbed Flexner antisera and reacted only with Flexner 103. 
Tins proved that these strains possessed the Flexner 103 specific antigen. Their 
complete antigenic identity with Flexner 103 (Oxford Standards and N.C.T.C. 
strains) was proved by mirror-absorption tests, which demonstrated that the 
new strains possess both the specific and the group antigenic structure of Sh. 
fejmeri, type 103. An antiserum prepared with one of the non-mannitol- 
fermenting strains specifically agglutinated the other six os well as four 
mannitol-fermenting Flexner 103 strains recently isolated from cases of bacillary 
dj’sentery and the N.C.T.C. Flexner 103 strain — oil to the same titre. 


Discussion 

The finding of seven strains of an organism with the biochemical reactions 
cf Sh. schmiizi but the antigenic structure of Sh. Jlexneri, type 103, again 
demonstrates the unreliability of the so-called basic bioeberaical reactions of 
the Flexner group. Confidence in these was first undermined by the discoverj* 
of the gas-prodiicing Newcastle variant of Sh. fisxneri by Clayton and IVorren 
(1928.29, 1929-30), and later of the Manchester variant by Downie, Wade and 
Young (1933). 

More recently Orr-Ewing and Taylor (1945) have isolated ten strains of an 
organism with the biochemical reactions of Sh. shigtr and the antigenic structure 
of Floxner-Newcastle. These authors have stressed the importance of testing 
with Flexner -Newcastle antiserum all strains which give the biochemical 
reactions of Shiga but are not agglutinated by Shiga antiserum — a warning 
which could be logically extended to testing all *’ para-Shiga-Schmitz ” strains 
with poljwalent Flexner antisera. 

There have recently been numerous reports of the isolation of para-Shiga- 
Sclimitz organisms from sporadic and epidemic coses of diarrhoea and dysenterj'. 
Organisms of this t 5 T 7 e have been broadly classified biochemically by Sachs 
(1943), vrho recognises many antigenic typos of each biochemical variant. But 
before anj’ organism is classified as a para-Sliigo-Schmitz or Sachs tj’po, groat 
is nocossarj' to exclude Sh. Jlexneri (aberrant biochemical variant) and 
Proteus morgani. The use of poljwalent Flexner antisera will readily exclude 
the first, but organisms of the P. morgani type may cause more difficulty. 

I^lony fwcal strains of P. mor^ont are poorly motile or non-motile, and may 
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TWO CASES OF ADENOFIBROMYOilA OF THE EPIDIDYJHS 

Bertil Faecoker 

From the Department of Pathology of the Karolinsl-a Sjukhus, Slochhohn 

(Plate XXX\TII) 

In a previous paper, “ Zur Kenntnis der primiiren Xebenhodongesclnviihte ’’ 
(Falconer, 1938-39), I described a case of adenofibromyoma in connection ■with 
a survey of the primarj^ tumours of the epididjnnis. That case and one described 
bj' Sakaguchi (1916), mentioned in the same paper, seem to be the only ones 
published hitherto. 

Case reports 

Case 1. The patient was a 39-yoar-oId man, operated on for acute 
suppurative appendicitis at the KaroHnska Sjuklius. For about five months 
he had observed a hard lump on the right testicle. On examination, there 
was found, adjacent to the distal pole of the testicle, a hard, resistant nodule 
about the size of a hazel nut. At operation a firm, rounded, well-defined growth 
was removed from the cauda epididjonidis. pfhe parietal layer of tho tunic."! 
vaginalis was partly adlierent to tho surface of the testicle but there were no 
signs of recent inflammation. The operative diagnosis was epididymitis (?). 

Case 2. The patient, a 36-year-old man, was admitted to hospital (St Gorans 
Sjukhus) because of a tumour in the scrotum, first observed 6 years before. It 
was about the size of a hazel nut and was extirpated along with the epididjinis. 
The operative diagnosis was tumour (?), tubercle (?). 

Histology 

As the microscopic structure of these two tumours was practically identical, 
the follo'wing histological description applies to both. The main part of each 
tumour consists of smooth muscle (fig. 3) showing in places a plexiform 
arrangement, and of collagenous connective tissue. Between the bundles of 
muscle and connective tissue there are groups of epithelial cells (fig. 2), 
principally in the form of solid cords, though sometimes appearing as thin 
glandular tubes. The cells, which are fairly large, are sometimes cubical or 
cylindrical, but most frequently polygonal, with well-stained cytoplasm, their 
shape varying within one and the same cord or tube. Some of their nuclei are 
vesicular, with visible nucleoli, others are more compact. No cilia are seen, 
nor any signs of secretory activity. Interstitial foci of round cells are present 
in places. There are no features suggesting malignancy, and the pathological 
diagnosis is adenofibromyoma. 
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iirinarj' bladder. The epithelium is poorly differentiated, the cells being largo 
and Tvell stained but of no definite shape (cylindrical and cubical as well as 
polygonal). The epithelium is mainly in the form of solid cords (fig. 2) ; lumen 
formation is less frequent. There are no cilia nor any signs of secretion. The 
tumour is thus of organoid type, and imitates an organ built up of epithelium- 
lined ducts and a fibro-muscular apparatus (fig. 3). Its nature as a malformation 
tumour on an embryonal basis is thus evident, and Sakaguchi, in analysing his 
ease, arrived at the opinion that the tumour prdbably originates from remnants 
of the Wolffian duct. 

The “ matrix organ ” of the tumour — the epididyunis — develops, as is 
well known, from the Wolffian duct and the transverse ducts of the primordial 
kidney. At the upper and lateral part of the epididymis there is a small 
process, the appendix cpididymidis, and several so-called ductuli aberrantes 
have also been described whoso microscopical structure corresponds on the 
whole with that of the epididyrmis itself. An adenofibromyoma may be con- 
sidered to show the same structure on an earlier, less differentiated plane. In 
agroem&nt with Sakaguchi, I too thus find it most liltely that the tumour in 
question has the same embryonal origin as the epididymis, being possibly derived 
from some aberrent part of this organ. 

In this connection I should like to draw attention to the possibility that an 
adenofibromyoma increases in size under the influence of gonadotropic hormones 
in the same way as the rest of the sexual apparatus during puberty. This 
assumption is supported by the fact that three of the four reported cases occurred 
in patients in the sexually active period, their respective ages being 32, 39 
and 36 years. As regards my first case — ^the one published in 1939 — there are 
no data in the hospital journal to show how long the tumour hod been in 
existence. 

From the clinical point of view it is obviously impossible to differentiate a 
tumour with the above-described clinical characters from an old epididymitis. 

Summary 

Two new cases of adendfibromyoma of the epididymis are described and 
reference made to two previously published coses. The tumour, which is benign, 
is regarded as probably originating from the Wolffian duct and transverse ducts 
of the primordial kidney. It is suggested that its development may be 
hormonally determined. 

REFERENCES 


Falconeb, B 1938-39. Z. Krebsforsch., xlviii, 243. 

Sakaguchi, Y 1916. FranlcJ. Z, Path.» xviii, 379. 


6i6 . 68i — oo6 . 45 : 577 . 176 . 5 

TUBULAR ADENOilA OF THE TESTIS AND 
(ESTROGENIC ACTIVITY 

R. E. Reweu;. 

The Zoological Society oj London 
(PlJiTES XXXIX AND XL) 

Tubular adenoma or Sertoli-celled tumour of tho testis was first described by 
Pick (1903, 1916), who found it in ectopic testes and once in tho ovary’^ of a 
pseudo-hermaphro<litc. Masson (1923) recorded tho appearonces of the tumour 
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in detail, while Kriickmann (1936-37) in re\-iewing the literature found 10 cases 
in ectopic testes, 3 in the ovaries of women with menstrual disorders but no 
other recorded sexual troubles and 16 in the testes of pseudo-hermaphrodite 
males. Innes (1942) recorded 15 cases in the testes of dogs. In 5 of those the 
affected testis was ectopic, alopecia of the abdomen occurred in 3 and roverml 
of se.vual attractiveness in 2. Profuse grotvth of hair followed removal of the 
ttimour from the bald dogs. The tumoirrs were all clinically benign and no 
changes in the other organs were recorded. 


Case report 

The subject was a pekingese dog aged four 3''ears. His left testis had never 
descended, but the right appeared to be normal. His coat was of the profusones’ 
usual to this breed. Four montlis before death he was examined bj' a vetorinarv 
surgeon in the course of a routine visit to the o-nmer’s house. The right testis 
was found to be normal, but there was no trace of tlie left. Three montlis later, 
however, the veterinary siu-geon was called in again and foimd the dog to have 
a tumoin: of the right testis which was said to linve been growing in a uniform 
manner for about a month. The whole testis was evenly enlarged, there was 
no hydrocoele and no adhesion to the scrotum. Alopecia and pigmentation of 
the belly had appeared at the same time as the tiunour and was increasing but 
although the result resembled the feminine habitus, tlie mammic were not 
enlarged. No disturbance of sexual behaviour had been noted, but the dog 
was not Icnown to have bred at any time. About two weeks later the tumour 
was removed. Four days after the operation, however, the dog developed 
retention of urine and was destroyed. 

At necropsy within a few hours of death the left testis was found to be 
represented by a mass of fibrous tissue about one cm. in length just within the 
internal inguinal ring. The operation site was clean. The prostate was generally 
and much enlarged, forming a mass some 4 cm. in diameter, which filled the 
pelvis. Its capsule was expanded but not invaded, and the tumour appeared 
to be benign. The bladder was distended with urine ; all the other organs 
appeared normal. 

Detailed descriptions of the tumours 

I. Testis. The size and shape of the tumoOT is well shown in the illustration 
(fig. 1). It is firm in consistency, with prominent fibrous trabeculto, and 
pinkish grey in colour. The whole of the organ is involved, but the epididymis 
is normal and the tunica albuginea is not invaded. In some areas, sections 
show the cells to be arranged in a palisade manner, radiating out from the 
thickened and fibrous walls of the seminiferous tubules (fig. 2), their nuclei 
fusiform and with their long axes perpendicular to the tube walls. In other 
areas the cells, though of similar structure, are arranged in irregular mosses 
separated by collagenous septa (fig. 3). These appearances are exactly' thosc 
described by Masson and by Innes. 

II. Prostate. The organ consists of a number of small cysts separated by 
fibrous-tissue trabecula;. The microscopical structure, as revealed by' six bloc "s 
from different areas chosen at random, is singularly uniform. The imme 
epithelium of tlie cysts shows hyperplasia and metaplasia, so that it become' 
markedly' stratified and eventually desquamates, forming prominent con 
glomerated masses in the cavities of the cysts (fig. 4). At the edge of the organ, 
these processes can be followed throughout their various stages. 

Discussion 

In nine enlarged prostates from dogs, Zuckerman and 
only one wliich corresponded •vvith that from the present case, both m k 
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Size, causing urinarj obstruction, and also in its histological appearance This 
was from a dog ivith alopecia and pigmentation of the bellj, atrophic testes, 
diminished spermatogenesis and m\ettcd libido Having again examined the 
material of do Jongh and Koh (1935), they pointed out that the structure was 
identical with that found in experimental stimulation with oestrm They 
contrasted it mth the more common t 3 rp 6 of prostatic enlargement m dogs, 
which 13 much less uniform, where there is glandular hyperplasia without 
metaplasia, the organ is not as largo and there is no retention of urmo, alopecia 
or pigmentation In the present case, therefore, the dog shows all the features 
of general oestrogemc stimulation, with the possible exception of hypertrophy 
of the mamm'e n Inch arises m that state 

If, therefore, one is to assume a connection between tho prostatic enlargement 
and the testicular tumour m the present cose, two possibilities arise Either 
the tumour has arisen as a result of cestrogemo stimulation of the tissues of the 
testis, or the tumour is itself tlie source of oestrogenic substances 

In the senes collected by Kruclonann no feminisation was noted m patients 
bearmg this tumour m a testis, but definite masculinisation appeared m those 
with one m an ovarj Kruckmann suggests that while the tumour may not 
be itself the origin of virilismg hormones, it may arise from the action on the 
ovary of such substances elaborated elsewhere The present case lends no 
support to such a hypothesis However, many e^enments have been performed 
by the mjection of oestrogens mto animals, mcluding dogs, monkeys and man 
(eg de Jongh and Kok, 1935 , Zuckorman and Parkes, 1936) The production 
of tubular adenoma m the course of such experiments does not seem to have 
been recorded 

Tho question of the production of sex hormones by testicular tumours has 
been investigated, but those foimd were the gonadotropic and chorion 
stimulatmg, which are found in the urmo , cases of tubular adenoma do nob 
seem to have been studied (Ferguson, 1934 , Hamburger, Bang and Nielsen, 
1930 . Gordon Taylor and Till, 1938) 

There appears, therefore, to be no direct evidence of the production of 
cestrogens by this tumour, but there remains the fact that m dogs the character 
istic features of cestrogenic stimulation — alopecia and pigmentation of tho 
abdomen, sometimes with m\ ersion of sexual behaviour — occur also with tubular 
adenoma of the testis (Innos) 

Finally there mi^t bo considered tho possibility that a tumour as large os 
the present instance, specially when occurring with mal development of the 
other testis, may so destroy the mterstitial cells of the testis that the oestrogenic 
type of hypertrophj of tho prostate may occur through suppression of production 
of androgens 

Sum7nary 

A case is desenbed of tubular adenoma of the testis m a dog, associated 
■with tho cestrogemo type of hypertrophy of the prostate There is some 
evidence that this type of t<»ticular tumour may produce androgens, but none 
that it may produce cestrogens, or that it is itself tho product of ccstrogomc 
stimulation However, alopecia and pigmentation of tho belly with mversion 
of sexual behavnour accompany both cestrogemo stimulation and tubular 
adenoma of tho testis wlien these occur separatolj Pigmentation and alopecia 
•w ere present m this case Relative overproduction of oestrogens might be caused 
bj destruction by tho tumour of tho mterstitial colls of tho testis, especially 
when tho other is mal developed 

I have to thank jMeasrs Soraer and Potter, vetermarj surgeons of Broraloj , 
Kent, for the material which is the subject of this paper and Messrs Ilford 
Ltd for tho microphotographs 
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TISSUE REACTION TO SBRICITE AND SHALE DUSTS TREATED 
IITTH HYDROCHLORIC ACID ; AN EXPERIMENTAL EsVESTIGA- 
TION ON THE LUNGS OF BATS 

E. J. Kixg, Margaret Guchrist axe M. V. R^ve 
British Postgraduate Medical School, London 

(Prates XLI axe XLII) 

Since the publication of Jones’s (1933) original communication on tlift 
presence of sericite in the silicotic lungs of coal-miners, there has been recurrent 
controversy over the question of the pathogenicity of this mineral. There con 
be no doubt about the large amounts of sericite in the lungs of n-orkeis from 
the S. Wales coal-fields (King and Nagelschmidt, 1945), and of its high concen- 
tration in the air-bome dust in the roinea ; but although the balance of eridenco 
appears to be in favour of quartz as the noxious agent in mine dust, it cannot 
yet be said -with certainty that sericite is harmless or of low pathogenicity. 

Like the evidence based on the study of human pneumoeoruosis, animoi 
experiments have also been equivocal. Several authors have reported minimal 
reaction of the tissues (lung and others) to the presence of the powdered mineral 
(Fallon and Banting, 1935 ; Lemon and Higgins, 1935 ; Jlillor and Sayet?. 
1936 ; Gardner, 1938 ; Simson and Strachan, 1940). Others have found it 
to produce pathogenic effects in the lungs (Drinker, Field and Drinker, 1931 ; 
Policard, 1934 ; Cummins, 1937 ; Seller and Weiland, 1937-38). Belt and 
(1945) obtained tho anomalous result that one set of sericite dusts (prepared 
from S. Wales shales) was almost without effect in animal lungs, wherca-. 
another sericite (from Ogofau, Carmarthenshire) produced a fibrous reaction 
almost comparable with that obtained with quartz. 

The only plausible explanation of this last-named discrepancy Jay 
fact that the fibrosis -producing sample of sericite had been subjected to bo 1 
acid and alltaline treatment, for purification purposes, during its proparatinn. 
Tlio other sericites, which produced the absolute minimum of tissue reac 10 , 1 , 
had suffered no other treatment than suspension in water during the coune 
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of their separation by a settling process from the other minerals contained m - 
the powdered shales from which they were prepared One of us (Kmg, 1945) 
noted a marked difference m the yield of dissolved silica m buffer solution and 
in plasma as between the Ogofau sencite and the S Wales soricites Tlie former 
was much more soluble than the latter Treatment of the non pathogenic 
msoluble sencites with acids rendered them very soluble A dust which had 
released only about 1 mg of SiO, mto 100 ml of solution gave up 10 times as 
much silica, or more, after it had had preliminarj treatment with hydrochloric 
acid This mcrease m soluble silica, released from the sencite, may have been 
due to an openmg up of the crystal lattice of the mmeral particles e'^posing the 
silicon atoms and making them more available for solution m the surrounding 
liquid Such a change might result in the dust’s acquiring pathogenic properties 
which it did not previously possess The present eicperiments were designed to 
test this hypothesis 

Se\ eral specimens of S Wales sencite, from anthracite and steam coal 
mmes, were injected mto animals* lungs both without and with previous 
treatment with hydrochloric acid In addition, the parent shales (mixtures of 
kaoh and mica (sencite) ^ ith a little quartz) were similarly mvestigated Both 
shales and sencites gave minimal tissue responses m the untreated state and 
medium and marked responses after they hod been treated with acid 


JIateriai^ 

The sencites used in these experiments were the “ secondary micas " or 
“ illites ” of the S Wales shales, the strata which overlie the coal seams. 
They form the bulk of most of these shales, and constitute a large proportion 
of the siliceous material in the dust breathed by workers in the coal field 
Chemically, ilhte is a hydrated potassium alummmm silicate containing small 
percentages of iron, magnesium, calcium, sodium and titanium The isolation 
by water sedimentation, and the full mineralogical and chemical descriptions 
are given by Hicks and l^agelscbmidt 11^43) In their report, and m that by 
Belt and Kmg, they are referred to as the “ fine fractions ” We are indebted to 
Dr G Nagelschmidt for the samples used They were from two anthracite 
mmes and one steam coal mme 

Tlie parent shales, from which the sencites were prepared, were also used 
for animal experiments The dusts were made by tumbling pieces of the rock 
m a rubber Imcd mill, as described by King 

The size distribution of the shale dusts is given by Bedford and ^Varner 
(1945) , all particles were under 5 ft and 80 per cent were under 1 ft In the 
case of the sencite dust, all particles were under 1 fi 

METHODS 

Acid treatment of samples of eacii of the sholo and sencite dusts consisted 
m suspendmg 1 g of the powder m N hydrochloric acid (100 ml ) and shaking 
the mixture for 24 hours at room temporatur© or boilmg it for 2 hours Tho 
dusts were recovered from the acid by prolonged centrifugmg and were well 
washed with water 

Animal experunents were performed by the technique of Kettle and Hilton 
(1932) Full grown rats (200 g or more m weight) were hghtlv an'csthotisecl 
with ether, tho trachea exposed by blunt dissection and 50 mg of tho dust in 
1 ml of salmo (mixturo sterilised by steaming) mjected mto the lungs The 
operation is described in full by Belt and Kmg Twenty fiv o animals w ere used 
m testmg the acid treated dusts and 28 the non acid treated Their survival 
tune ranged from a few days to over a year Any rats still ah\o wore then 
killed 

Tlie lungs were removed, fixed and oxammed histologically as previously 
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described. Five slides M'ero prepared from eacli block. One was stained with 
hajmatoxj’lin and eosin, one with van Gieson’s stain and one by Gordon and 
Sweets’s (1936) modification of Wilder’.s reticulin method; two wore micro- 
incinerated, one being treated with Iwdrochloric acid to remove nil but the 
siliceous residue. By comparing the incinerated slides with those wliich had 
been stained, it was possible to relate the position and distribution of the 
mineral dust in the section to the tissue changes observed. 


Besults 
Silica solubilities 

Tliese were determined by methods already described and are given elsowliore 
(King). The remarkable increase in the ease with which both soricitos and 
shales release silicio acid into solution after they have been treated with mineral 
acid is seen in all the dusts but one. Sericite A3 more than doubles its solubility 
after acid treatment, but the final figure is still very small, and is only about a 
tenth that obtained with the other specimens. Moreover, this noid-troated 
material, though manifesting definite pathogenic properties, is still no more 
soluble than some of the other untreated dusts which produced the verj- 
minimum of tissue reaction. This curious discrepancy is yet another anomaly 
in the application of the solubility theory of silicosis os applied to the South 
Wales pneumokoniosis-producing dusts (c/. King). 


Histology 

Animals insufflated with sericite AZ (not treated with HCl). The lung tissue 
was very little disturbed by the presence of the foreign material. The dust 
lay in patches which seemed to correspond roughly to single lobules and their 
alveolar ducts. The only tissue reaction which was evident ot the stage of 
7-8 weeks was one of phagocytosis. Large numbers of macrophages had 
gathered up the dust particles and these packed cells occupied the alveolar 
spaces, lay in the alveolar walls and were crowded in the lymphatic sp.ices 
around the bronchi and blood vessels. A heavy deposit of phagooyted dust 
was present in the lymph nodes. Fixed-tissue reaction was not evident in any 
of the sites in which the dust was held up, nor was there any inflammatory-cell 
reaction (figs. 1 and 2). 

Sericite A3 treated with HCl. In contrast to this picture, the animals m 
the group which received sericite treated with HCl showed a remarkable reaction, 
even as early as 5 weeks (figs. 3 and 4). The essential lesion was a nodule form 
by fixed-tissue-cell proliferation about groups of dust phogocjdes. The nodv^is 
were chiefly round or ovoid, but occasionally' stellate, with tapering procc»c3 
extending along the alveolar walls. The size of the nodules appeared ^ ' nry 
directly with their dust content and with the interval following insu a ion. 
The smaller ones of 5-7 weeks’ duration occupied a space roughly compara 
to 14-2 alveolar spaces of the rat’s lung. The largest nodules occupi ^ 
alveolar spaces and were foimd in an animal which sur^’ived for 
Confluence of nodules was marked in the peribronchial regions, u ^ ^ 
periphery of the lobules nodules were mainly discrete. In the not u es, 
of dust cells were incorporated into an organised mass of cells, o 
being of the camification type. In many nodules a faint concentric 
of the organising fibrils could bo detected. Occasionally a mo ® . ■ Jjjjj 
bodv reaction was evident. Fibrosis as measured by' the omoun o 
foniiation revealed by Wilder’s reticulin stain was ‘‘I’, the 

amount (c/. figs. 5 and 6). By the standards laid do;ra by Belt an ^ g. 
reaction was classified as grade 3 in the older lesions, and gr 
younger. 
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-Scnctfc from mine 54 similarly appeared quite innocuous to rats until it 
Tvas treated with HCl. It then produced organismg nodules about groups of 
dust phacocvdes, with fibrosis which was definite but not ns intense as with the 
A3 dust. 

5enci^e from mine Al. The innocuous nature of this dust was confirmed, 
but the senes with acid-trented dust was too aroall to permit any^ conclusions 
to be drawTi 

Shale (clod) from stratum C of mine A3 when treated with HCl produced a 
nodular fibrosis about the dust cells similar to the sencito. Untreated shale 
was phogocj'ted but caused no fixed tissue reaction 

Shale from mine Al stimulated no reaction m the lungs other than phago- 
cytosis until It was treated with HCl i it then resulted m fine nodulation, with 
fibrosis rather less than that observed with the A3 shale. 


SuMilAKY 

The innocuous nature of South Wales shales and sencites m the rat lung is 
confirmed. Prelimmary treatment of shale and sencite dusts with hydrocliloric 
acid resulted m their acquirmg pathogenic properties, which led to the produc- 
tion of fibrous nodules in the lungs of rats. 

Our thanks are due to Dr G. Kagelschmidt for fumishmg us with the sencite 
samples, to Messrs W. Weedon, A H. Hoffler and T>. Bull for technical assistance, 
and to the ^fedical Research Council for a grant to defray the cost of the 
mvestigation. 
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A CASE OP AKEUEYSM OF THE VEIN OF GALEN 
ChARI/ES E. LtrMSDEN 

From the Department of Pathology, University of Aberdeen 
(Plates XLIII akb XLW) 

Reading the reports by Russell and Nevin (1940) and Alpers and Forster 
(1945) on congenital arteriovenous aneurysm of the great vein of Galen, I 
have been struck by the remarkable similarity existing between these cases 
and one I encountered in 1939, which was considered at the time to he probably 
a congenital aneurysm of the great cerebral vein. Since these authors reported 
in all only 3 cases, and as they were unable to find other recorded examples, 
I venture to publish the following account of the case seen 8 years ago. 


Case report 

Clhiical details, A. S., male aged 7 months, was admitted to the Royal 
Aberdeen Hospital for Sick Children on 9th Jime 1939, having been 
referred by the family doctor “ on account of fits The father and mother 
were alive and well, aged 24 and 25 years respectively. There was one 
other child, a girl aged 2 years, apparently healthy. In the present case, 
the pregnancy had been normal but the iaboim was rapid — said to have lasted 
only a quarter of an hour. At birth the baby was healthy and weighed 
8J lb. It was never breast fed. In March 1939, at four months, it had slight 
fits with stiffening of the body and rolling of the eyes. These occurred over a 
period of only two or three days. In May 1939 the child developed a cold 
from which he recovered quickly. A recurrence on 6.6.39 was accompanied 
by a severe cough but no vomiting and very little general upset. On 9.6.39, 
about 4 p.m., the child’s body became very stiff and the eyes glazed and staring. 
This lasted a few seconds and later recurred once or twice, but there were no 
twitchings or convulsive movements. The face became very pale. 

On examination, the temperature was 101'’ F. and the pulse 140 per minute. 
The child was comatose and looked very ill. He shorved marked hypertonia and 
lay in the position of opisthotonus, thoracic spinal rigidity being more marked 
than cervical. There was no response to painful stimuli, tendon jerks were 
much exaggerated, the eyes showed coarse nystagmus and there was intermittent 
strabismus. The pupils were very small and did not react to light. The head 
rvas of normal shape, but the fontanelles were bulging and showed marked 
pulsation. The ear drums were healthy. 

The cardiovascular system was negative on examination. Breath sounM 
were vesicular and of a rather higher pitch at the left base, with rhonchi ui 
both lungs. The abdomen was flabby and lax ; liver and spleen were not 

enlarged. , 

Lumbar puncture showed the cerebro-spinal fluid to be under greany 
increased pressure and brightly blood-stained. 

The child died at 1.60 a.m. the foUowing day. 

Post-mortem summary. Subaraclmoid hsemorrhage. Subacute otitis media. 
Patch of bronchopneumonia in posterior part of right lung. No signs of disease 
or anomaly in heart, kidneys, liver .spleen, adrenal glands or alimentary cana . 
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Description of the brain 


Tlie subaraclinoid space contained fluid blood which extended over the 
cerebral hemispheres and over the base of the brain into the spinal subarachnoid 
space. The brain surface was intact. Blood welled out, on compression of 
the organ, from the region of the foramina related to the fourth ventricle. In 
the sagittal sulcus between the cerebral hemispheres was a large collection of 
fluid and clotted blood. This had manifestly come from a short rent, a few 
mm. long, in the wall of a roughly pear-shaped or sausage-shaped sac wliich 
lay amongst blood clot on the upper surface of the tentorium cerebelli, cushioned 
between the cerebral hemisphere and the posterior part of the falx cerebri. 
After removal of the surrounding blood and blood clot, the sao was found to 
be free at its bulbous postero-superior extremity, but on its narrow antero- 
inferior extremity it was firmly attached by a neck or pedicle, under the 
splenium of the corpus callosum, apparently to the falx cerebri at its junction 
with the tentorium cerebelli, i.e. in the vicinity of the confluence of the great 
vein of Galen with the inferior sagittal sinus and straight sinus. The whole 
of the region was obscured by fluid and clotted blood. A tenuous filament of 
tissue resembling a small vessel passed from this pedicle into the third ventricle, 
where it was lost in the choroid plexus. 

The sao measured 3*5 cm. in length and 1*6 cm. in its broadest diameten 
Fig. 1 is an actual-size outline tracing mode after bisection of the specimen. 

The sao was filled with fluid blood and soft 


blood clot. Its wall was fairly thick (as in 
fig. 1), measuring just over 1 mm. in thick- 
ness. There was no lamination of the blood 
clot. The external surface of the sao, apart 
from recently adherent blood, was quite 
smooth, pale pink-grey and sezui-translucent, 
80 that the contents were recognisable from 
the outside as probably blood or blood clot. 
On palpation, the moss was turgid, and gentle 
compression led to the extrusion of dark blood 
from tho rent in the wall. 

The ventricular system of the brain was 
filled throughout with recent blood. There was 
a moderate degree of hydrocephalus involving 
the lateral and third ventricles, the latter being 
conspicuously distended and forming an almost 
spherical sac. The aqueduct of Sylvius and tho 



cm. 


Fio. 1.— Aneurysm of vein 
of Galen. Cellophane tracing 
of longitudinally bisected 
specimen. 


fourth ventricle, though filled with blood, were not appreciably distended. 

No associated congenital malformations were seen elsewhere in tho brain 


or in the intracranial vessels. 


The foregoing description is taken from my original report and apart from 
some condensation has not been materially altered in retrospect. Paraffin 
bloclvS of the aneurysm and of several parts of tho brain were preserved but 
were not examined till recently. 


RistcJogical examination 

Paraffin sections from the wtiII of the aneurysm were stained with hema- 
toxylin and eosin, hematoxylin and van Gieson, Masson’s hematoxylin-fuclisin 
ponfenu-light green method, Weigort’s elastic stain, and mucicarmino. 

Tho blocks from the brain came from the region surrounding tho posterior 
horn of tho lateral ventricle, tho frontal and occipital lobes, the structures 
forming the walls of tho fourth %’ontricle, the lower temporal, region showing 
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tlie hippocampal gjTus, the vessels in the transverse fissure and part of the 
choroid plexuses of the fourth and lateral ventricles. AH these sections 'were 
stained by H. and E. only. , 

Microscopically (fig. 2) the sac has a definite wall resembling that of a vein 
but much thickened. Beneath a thin outer covering of coUagenous tissue 
(with which extravasated blood cells are intermingled) there is a narrow band 
of circular smooth muscle of fairly healthy aspect. Inside this muscularis the 
rest of the wall, constituting more than three-quarters of its width, consists 
of a nondescript myxoid tissue of finely fibrillated character. Wliether this is 
hyalinised thickened intima or a degenerated muscularis it is impossible to 
say. Here and there franldy mucinous change is seen in sections stained with 
mueiearmine. In this msrxoid or hyaline layer the nuclei are scanty, thin and 
elongated, with a fairly dense chromatin arrangement. The thin waN^ cyto- 
plasmic prolongations which constitute most of the structure of this zone stain 
yellow with van Gieson’s stain and red with Masson’s trichrome stain. The 
contents of the sac consist simply of recent tlirombus, with some layering into 
red corpuscles, leucocytes and fibrin, but there is as yet no sign of reaction nor 
any attempt at organisation. There is no demonstrable elastica. 

The sections from the brain reveal marked dilatation of the capillaries of 
the choroid plexus of the lateral ventricle (fig. 3), contrasting markedly with 
the choroid plexus of the fourth ventricle, where this feature is absent (fig. 4). 
There is gross dilatation also of a small group of capillaries (fig. 5) just under 
the ependyma of the lateral ventricle towards the posterior part of the lenticular 
nucleus. Dilatation of small vessels appears to be restricted to the regions 
indicated, for it is not seen in the bloclis from the other regions of the brain. 


Comment 

Most attention at the time of autopsy had been directed to the aneurysmal 
sac itself, since it appeared to be a local and restricted condition, and 
since at that time the case had for me no precedent. Yet in retrospect 
there seems little doubt from the microscopical examination of the material 
conserved, incomplete as it was, that here too there must have been a true 
arteriovenous communication though of n much less gross nature than in 
case 1 of Russell and Nevin or in the case described by Alpers and Forster, 
The present case appears to resemble most closely Russell and Nevin’s second 
case. 

Having regard to the fact that the description of the aneurysm in the 
present case was written before the reports on the other 3 cases were available, 
it is interesting to observe its striking similarity to the others. Russell and 
Nevin’s case 2 — that of a child of 17 months — is described as follows (p. 380) : 
“ The vein of Galen was replaced by a saccular aneurysm, 3-6 cm. in diameter, 
which occupied a concavity in the depressed corpora quadrigemina. The 
aneurysm w^as attached to the ventral point of junction of the falx with the 
tentorium, while the pineal body . . . lay on its ventral surface ”. Alpers and 
Forster (p. 182) described the aneurysm in their case — that of a youth of 18-- 
as lying “ between the cerebral hemispheres, occupying the pineal recess and 
resting on the tectum mesencephali. It measured 4 by 2-5 by 2-5 cm. It was 
dome-shaped, its broadest portion lying superiorly, with a narrow waist at the 
point of rmion with the vessels of origin. The walls were firm and dense u 
measured only 2-5 to 3 mm. in thickness. Dissection revealed that the body o 
the aneurysm arose from the junction of the great cerebral vein (Galen) wi i 
the straight sinus, but it was not possible to determine which of the vesse 
contributed most to its formation 
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Summary 

A cas 0 of aneiirj’sm of tUo vein of Galen is described and is believed to be 
the fourth such case on record. The subject was a child of 7 months and death 
%\as due to rupture of the aneurj'sm. Hydrocephalus was present as in the 
other reported cases. 

I am greatly indebted to Mr N. Mowat of this Department for the photo* 
micrographs. 
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A CASE OF CHLOROMA INFILTRATING THE 
SPINAL JIENINGES 

0. L. AVape 

TJniveraity College Hospital, London 
Case report 

R C , rot. 10, a miner, was admitted to University College Hospital under 
the care of Dr Walshe on the evening of 6th October 1945 with retention of 
urine and a flaccid paralysis of both legs. He had been working underground 
until the begmnmg of June 1945, when he returned homo complauimg of 
malaise and vague abdominal pam. He stayed in bed for a few weeks and 
by the end of July felt fit and was ready to return to work, but m the second 
week of August he had several short attacks of sharp shooting pains down his 
right leg and in his foot. He remained at home and m a few days the pain 
disappeared. The same pam recurred a fortnight later, and ho was sent to 
bed and an mj'oction given mto his buttock Agam the pain subsided and 
he started to get up, but a few ov'enings later, threo weeks before his admission 
to IT C.H , severe pam returned m the back of the right thigh and extended 
down the front of the leg and mto the foot. He was kept awoke by this pam, 
and his leg felt cold and heavy. Next mommg ho found he could not use 
the leg Five or six dajs later he suffered similar but less severe pam m 
the left leg, and within twenty .four hours had lost all movement of that hmb 
also, and he began to hav e difficulty in passing his urine. When ho did manage 
to start the flow, ho noticed that he had no sensation of its passage. He found 
also that ho suffered little discomfort, oven when his bladder was full. 

Tliere was little change in his condition until 2nd October, threo dajs 
before Ins admission to hospital, when ho began to suffer severe aches and 
shoot mg pains m the small of the back and across the upper part of the abdomen 
and the lower ribs anteriorlj The pain became sharp and exquisite if he 
coughed or lifted his head Next day the skm of the outer part of the eyelids 
of the left eye became purplish as if bruised, although ho had had no blow. 
He remembered that a week before some bruises had oppeared spontaneously 
on his legs. 
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On admission, his temperature was 101, pulse rate 140 and respiratory rate 
22. He was seen to be very pale and poorly built. There was blue-black 
discolouration, without swelling, of the skin on the outer part of both eyelids 
of the left eye, extending laterally to the margins of the orbit. There were 
some faded areas of brown discolouration on the dorsum of both feet. 

There was flaccid paralysis of both legs, with absent reflexes, and complete 
sensory loss extending upwards to a sharply defined line of demarcation at the 
level of the umbilicus. No abnormality was detected in the arms or' in the 
cranial nerves. 

Small brownish flecks could be seen in both retinse, lying in the mid-line 
just below the discs. These were thought to be hemorrhages, hut Mr Neame 
later pronounced them to bo a congenital abnormabty. 

The bladder was grossly distended, yet the patient suffered no discomfort. 
A catheter was passed and left in situ, the bladder being drained slowly. When 
the abdomen was examined later, neither spleen nor liver was palpable. No 
enlarged lymphatic glands were found, although the tonsils were slightly 
hypertrophied. 

The following morning, 6th October, the lino of sensory loss had risen to 
midway between the xiphisternum and the umbilicus, and the ecchymosis 
around the left eye had spread slightly. 

A blood count revealed the following picture : — 


Hfflmoglobin . 

. . . 38 per cent. 

Bed blood corpuscles 

. . . 2,000,000 per c.mm. 

MTiite blood corpuscles . 

47,000 „ 

Myeloblasts 

30,600 „ 

Blyelocytes . 

3700 „ 

Neutrophils 

11,800 „ 

Lymphocytes 

1000 „ 


A diagnosis of acute myeloid leulcajmia was made and it was thought that 
the ascending myelitis was due either to htemorrhage into the cord or to 
deposits of leulcsemic tissue in or around the cord. 


On 7th October several small fresh petechire were found on the abdomen 
and on the dorsum of each foot. The line of sensory loss had risen to the level 
of the nipples and the arm jerks were found to be less brisk on the right side 
than on the left. His temperature rose at raid-day to 104® F. and on this and 
subsequent days until his death there were severe rigors. His sleep vas 
disturbed by hiccough. On 9th October he was very drowsy until the evening, 
when he seemed remarkably cheerful and alert. Lumbar ptmctnre was 
performed that day. Attempted at the usual level it was unsuccessful, but wlien 
tried at the L. 2-3 level a bright yellow fluid was obtained under low pressure, 
which clotted almost as soon as it was drawn. No leukmmio cells could be 


seen in sections of this clot made after fixation. 

During the night of 9th-10bh October his temperature rose to 105-8 and 
he shivered and sweated. Next day his breathing was very shaflow and he 
was semi-comatose. The pulse was almost imperceptible and remained so un i 
his death on the morning of 1 1th October. j * i f 

At post-mortem it was seen that there was little subcutaneous fat and la 
the muscles were wasted. Externally ecchymoses were present over the e 
eye and left iliac crest. Internally very little abnormal was foimd unt le 
vertebral canal was opened up. There was no sign of leukmnaic infiltration w 
the lungs, which were congested and oedematous, or in the heart or pericar n • 
The liver was congested and the spleen distended, but neither showe 7 
leukmmie infiltration ; no enlarged lymph glands were found, tot t e ^ 
and lymph nodes at the base of the tongue were prominent. The ^ ’ 

thyroid and adrenals seemed normal. In the kidneys small round w ii e 
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of leokjemic infiltration -were seen on stripping the capsule; otherwise these 
organs uere normal. Tlie upper two thirds of the marrow cavity of the femur 
contamed greenish black diffluent tissue, the nature of which was obscured 
by post-mortem change. 

WTien the vertebral canal was opened, masses of green chloromatous tissue 
were seen growing from the lammre of the lower dorsal vertebral bodies and 
occupying the extradural space ; these were compressmg the cord between 
the le\els of the 3rd and 8th dorsal vertebne. The bodies and lammre were not 
softened, but were partially infiltrated by the growth, which also extended 
into the transverse and spmous processes, and m places had spread outside 
the vertebral mto the ligaments on the lateral surfaces of both bodies and discs. 
In some places the cliloromatous tissue had spread along the ribs and could 
be seen tlirough the parietal pleura, to which it imparted a greenish sheen. 
The manner in which the tumour swelled from the spmal canal when the 
laroui'o were removed indicated the considerable pressure to which the under 
Ijing cord must have been subjected. 

Histologically the tumour was composed of closely packed myeloid cells, 
the majority of which were earl3' myelocytes. 


Discussion 

A description of a chloroma was given by Allen Burns of Glasgow m 1824. 
His brother attempted unsuccessfully to remove a “ fungus hiematodes ” 
growing m the nghb orbit. At post mortem he foimd extension of the jellowish 
green tumour tissue through the bones of the bosicranmm into the paranasal 
amuses, infiltration of the dura mater, and greenish tumour masses erodmg 
the skull Smce that tune much has been written on tlie subject of these 
mterestmg tumours and there has been much controversy as to thoir origin 
and about the nature of the green pigment which is their characteristic feature 
(Sternberg, 1904.05 ; Brannan, 1920). 

Although much attention has been gi\ en to the neurological manifestations 
of leukscmic diseases, mtorest has been mamlj” confined to the cerebral lesions, 
and lesions of the spmal cord have not received due consideration, Critchlej* 
and Greenfield (1930 31) have described several types of lesion which maj* 
occur. Sometimes damage is caused by leukaemic cells which infiltrate the 
cord, either diffusolj', or locallj' m patches Occasionally perivascular infiltration 
reduces the blood supplj’ and causes local mjelomalacia or softomng of the 
cord. Rarely there a haimorrhage into the cord or mto the subarachnoid 
space. Chloromatous infiltration of the menmges is most commonly found, 
and Critchley and Greenfield describe 12 such cases, 6 of which were leul^tnmic 
in nature. Such infiltration either duectly compresses the cord or mterferes 
with its blood supply. Some workers have speculated on forms of subacute 
combmed degeneration of the cord which they state may occur in certain 
leukTmias and are caused bj’ obscure toxins. 

In the case here desenbed there was infiltration of the spmal menmges, and 
the chloromatous mosses were imder verj' great pressure inside the i ertebral 
canal and were compressing the cord. The most mterestmg feature of the 
case IS that a disease so closely related to the blood djscrasias should manifest 
Itself bj' neurological sjTnptoms only, almost till death. 

I wi<ih to thanlv Dr F. M R Wolsbe ond Professor G. B. Cameron for their 
perraisaiontopiiblishthis cose 
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A METHOD FOB COMBINED POSITIVE AND NEGATIVE 
STAINING OF BACTERIA 

P. Brece White 

National Institute for Medical Research, Hampstead, London 
(Plate XLV) 

A simple and reliable method of combining positive and negative staining 
of bacterial films would have many applications. Unfortunately, as Fleming 
(1941) has admitted, the best of the laio\vn negative stains, nigrosin, so rapidly 
decolourises the ordinary basic dyes that it is difficifit to combine its effect with 
positive staining of the bacterial bodies. Seeking a more compatible mating of 
stains, I have found that positive staining with methylene blue or other such 
dye may readily be superimposed on bacterial films prepared by the congo-red 
method suggested by Benians (1916) for “relief staining” of bacteria and 
spirochiEtes and subsequently used by Hort (1915-17) for the exhibition of 
problematic forms in bacterial cultures. 


Method 

1. Free the slide from grease by heating it in the Bunsen flame, after which 
it may be quickly cooled by laying it on a smooth glazed tUe. 

2. Place on the slide a suitable drop of an almost saturated aqueous solution 
of Congo red containing about 10 per cent, of serum and mix in a particle of the 
agar-growm culture to be examined. 

3. Spread the mixture in a film of varied thickness, dry with gentle warmth 
and then fix thoroughly in the flame. 

4. Flood the film when cooled with a 0'6 per cent, aqueous solution of 
HCl ; drain, blot gently and drive off excess of acid with gentle warmth. 

5. Stain the film for 15-20 seconds with a 1 per cent, aqueous solution 0 
methylene blue, which may be acidulated with noetic acid — 1 small drop o 
“ glacial ” acetic to 20 c.c. of stain. 

6. Drain off the stain — do not wash — and blot the film gently but thoroug y » 

dry and examine, mounting first if there is any question of preserving 0 
preparation. . 

To these instructions it need hardly be added that the stams and s 
employed should be clean, bacteriologically and otherwise ; that whwe 00 
or other serous material is examined no other addition of sermn to the 
red is required ; and that in the examination of broth cultures the organis 
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must first b© separated from peptone, salts and so on, the water-solubility of 
which would threaten the integrity of tho film. The process takes very much 
the same amount of time and labour as does Gram staining. The film, at first 
red, then rendered blue by the acid, assumes a deep purple tint through inter- 
action of the two dyes, the colour later maturing to red-purple on intervention 
of alkali from the glass. 


. ResuJta 

Viewed at the completion of this sequence the blue-stained bacterial bodies 
are seen against a field of rich orango or gold*. Tho most decorative effects 
are obtained in the display of bacterial capsules (figs. 1 and 2), which appear 
as peribacterial haloes, usually unstained but sometimes violet-tinted and 
presenting signs of internal structure. Careful comparisons have shown that 
tho appearances of capsulation presented may be confidently accepted as evidence 
of the fact. In a similar manner, provided their substance be not too generally 
dispersed, the negative stain exposes those accumulations of intercellular 
secretion which are associated with the formation of pellicles in broth cultures 
and of coherent, adherent and often corrugated growth on agar. In dense 
formation, unrarefied by uptake of water, this interstitial material often takes 
a violet stain. Spores, shed and unshed, present a characteristic appearance 
of refractile bodies sharply outlined (see White, 1946, figs. 3 and 4). 

It was Henrici (1926) who first pointed out that dead bacteria, in contrast 
to living, are penetrated and stained by congo-red. The dual stain described 
is a ready and useful method of putting the contrast in evidence : organisms 
alive at the preparation of tho film are blue ; those already dead stain brown 
or piurplo. By this means a reasonable presumption may be quickly reached 
aa to the viability of on aged culture or ns to the eterility of a vaccine. To take 
a topical application ; tho method, while admirably exhibiting the initial 
morphological changes wrought by penicillin in staphylococci (figs. 3 and 4), 
registers, as films are made from the stricken culture at inter\*als, the onset 
and spread of cell death to the point at which the few “ persisters ” lie scattered 
as blue points, intensely ringed by purple-staining secretion in a brown back- 
groimd of bacterial debris. 

Tho method therefore is broadly catholic in its service, supplying from a 
single preparation a wide range of information. I regard its reagents as a 
useful addition to tho general purposes stains of the laboratory bench. 

My thanks are due to Mr F. Welch of this Institute for the microphotographs 
reproduced to illustrate this note. 
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AN niPRO^^D SIETHOD OF STAINING LEUCOCYTE 
GRANULES WITH SUPAN BLACK B 

H. L. Shbebtaj? and G. W. Storey 
From the Pathology Department, University of Liverpool 

(Prate XLVI) 

A method for the specific staining of the granules of the “granular” 
leucocytes and of the monocytes in blood films with Sudan black B was described 
by Sheehan (1939) and this stain has since been used by McManus (1945) and 
by Discombe (1946). The original method proved to be occasionally umeliabje 
with war-time reagents, but the present modification gives very consistent and 
rather better results. It can be used equally well with new or old films of blood 
or bone marrow. The appearances are the same as were described in the 
previous paper. The polymorph leucocytes (figs. 1-3) are packed with fino 
granules, most of which appear to have slid off the surface of the nucleus when 
the cell flattened out on the slide, as if they had been lying loose in a somewhat 
fluid cytoplasm. The eosinophil granules (fig. 6) have a distribution in the 
cell similar to that seen in polymorphs. They appear as black circles owing 
to the possession of a rind which stains very easily and of a centre which is 
always unstained, presumably because of biochemical differences. The mono- 
cytes (figs. 3 and 4) usually have a moderate number of small granules which 
are distributed very evenly. The single layer of cytoplasm which is visible over 
the upper surface of the nucleus contains about half the number of granules 
that can be seen tluough the entire thickness of the cytoplasm at the side of 
the nucleus. Tliis appearance might be produced if the granules were set fairly 
uniformly in a rather tough layer of cyrtoplasm near the surface of the monocytes. 
The azur granules of lymphocytes are unstained (figs. 1 and 2). Marrow cells 
and abnormal blood cells will be described in a subsequent paper, but it may 
be noted here that in certain blood diseases a number of the polymorphs have 
granules which are not sudanophil. 

The improved technique is as follows : — 

(1) The dry film is fixed with formaldehyde vapour by placing it for 6-10 
minutes in a closed jar containing some 40 per cent, formalin in its lower part. 
This gives very satisfactory fixation of erytlirocytes as well as leucocjdes. 

(2) The Sudan staining solution should have a neutral or slightly alkaline 
reaction ; if it is slightly acid it stains only the grantdes of eosinophil leucocytes. 
It is improved by the addition of phenol, which appears to have a mordanting 
action on the granules. 

Stock buffer solution. Sixteen g. of crystalline phenol are dissolved in 3 c.e. 
of absolute alcohol. This is added to 100 c.c. of water in which 0-3 g. 0 
NaoHPOj. 12 H 2 O has been dissolved, - 

Stock Sudan solution. 0-3 g. of Sudan black B is dissolved in 100 c.c. 
absolute alcohol. The dye must be completely dissolved. Tins can be 
either by leaving the solution at room temperature for a day or two, 
frequent shaking, or by grinding in a mortar and heating the resulting s^pe 1 

For use, 40 c.c. of the buffer solution is well mixed with 60 c.c. of e 

solution and filtered by suction. This buffered stain is ready for use a 0 
it can be used for several w-eeks, but becomes gradually slower in ac lon wi 
lapse of time. 
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The fixed film ia immersed in the buffered stain in a covered jar for 10-60 
minutes. The longer times are required if the original stock Sudan solution 
was not completely dissolved or if the final stain is old or very cold. 

3. The slide is now well washed in absolute alcohol or 70 per cent, alcohol 
for a few minutes. The granules are only slowly decolourised by very many 
hours’ treatment with either absolute alcohol or xylol, though more quickly 
with acid alcohol. 

4. After washing in water, the slide is counteratained ns desired. The most 
reliable stain is a 1 : 10 dilution of Gurr’s Improved Giemsa R.66 in neutral 
water, allowed to act for 30 minutes. The blue tint of plasma and erythrocytes 
is then removed by differentiation for |-1 minute in a 0*2 per cent, aqueous 
solution of KHjPO*. The film can be examined in immersion oil or can be 
mounted in balsam. 
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578 . 26 

A METHOD FOR STAINING GROSSLY FATTY TISSUES 
WITH SCHARLACH R 

A. E. Clabe 

Department of Pathology, St Thomas's Hospital Medical School, London 

In the course of an investigation carried out recently in this laboratory* 
it was necessary to prepare frozen sections stained with Scharlach R. of grossly 
fatty kidney and liver. Presumably because the amount of fat in these tissues 
was so great, the frozen sections prepared from them constantly adhered not 
only to one another bub also to almost everything with which they came in 
contact, so that it was practically impossible to produce whole sections fiee from 
folds. These difficulties were overcome in tho following way. Blocks of tissue, 
after fixation in formalin, wore embedded in gelatin by Aschoff’s method and 
frozen sections cut. The sections were taken into 60 per cent, alcohol and 
then transferred to a very dilute solution of gelatin, from which they were 
picked up on slides. The slides were exposed to formaldehyde vapour to fix 
the gelatin moimtant, and tho mounted sections stained. By this method the 
sections became easy to handle and were flat, and whole sections were readily 
obtained. The method ia especially useful when many sections are needed 
cither for research work or for classes of students. 


Details of embedding and section^cutting 

1. After formalin fixation, wo^ the tissue in running water for 24 hours. 

2. Soak in 12*5 per cent, gelatin solution in tho incubator at 37® C. for 
24 hoius. 

3. Transfer to 25 per cent, gelatin solution at 37® C. for 24 hours. 

4. Embed in 25 per cent, gelatin solution and place in refrigerator to sot, 

5. Place tho block in 6 per cent, formalin solution for 24 hours. 

6. Trim the gelatin block to within 1 mm, or so of the tissue and cut sections 
10*15 ft thick on the freezing microtome. 
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7. Transfer sections from Imife with a soft brash or the finger moistened 
with 60 per cent, alcohol to a dish containing 50 per cent, alcohol. 

8. Transfer sections to 0-5 per cent, gelatin solution for a few seconds. 

9. Pick up sections from the gelatin solution on clean glass slides. A 
finely drawn-out piece of glass rod is useful for steadying the sections during 
this manipulation. Drain off excess solution, taking care that 'sections do 
not dry. 

10. Stand slides in a staining trough over fomjalin at 37° C. for at least 
1 hour. The slides must not rest in the formalin. Pieces of glass rod placed 
across each end of the bottom of the trough raise the slides out of the liquid. 

11. Add distilled water to the formalin already in the trough so as to 
submerge the sections and leave rmtil staining is to be done. 

Details of staining 

1. Rinse sections in distilled water. 

2. Transfer to 70 per cent, alcohol. 

3. Stain in Scharlach R. for 3-5 minutes. 

4. Rinse thoroughly in 70 per cent, alcohol. 

5. Rinse thoroughly in distilled water. 

fi. Siam in ’EAttVicb.’s baamatoxylm for mitmtes. 

7. Blue in running water. 

8. Differentiate in acid-alcohol. 

9. Blue again in running water. 

10. Mormt in a watery medium such as glycerine jeUy or Farrant’s medium. 

Notes 

1. All the gelatin solutions are made with distilled water and contain a little 
thymol to preserve them. 

2. The Scharlach R. is a saturated solution of the dye in equal parts of 
70 per cent, ethyl alcohol and acetone. 

3. A very satisfactory modification of Farrant’s rooimting medium has been 
devised by G. W. Moore of the Central Histological Laboratory, London County 
Council. It contains : — 


Picked gum arabic . . . . . 100 g. 

Pure cane sugar . . . . . . 60 „ 

Distilled water ...... 300 c.c. 

Thymol - . 0-2 g. 

Glycerol • . . . . . - .26 c.c. 


Dissolve the gum arabic and cane sugar in the distilled water in the steamer. 
Cool, clear with the white of two eggs and filter through muslin. Add e 
thymol and finally the glycerol. 

Comments 

The use of 60 per cent, alcohol in removing the sections from the knife 
eliminates all risk of their sticking to the brush or finger. 

When transferred to the 0-5 per cent, gelatin solution after unraersion 
50 per cent, alcohol, the sections float to the top and flatten out so tha 7 

are readily picked up on the slides. • + the 

It is important that during the early stage of fixing the sectioiB ” . , 
slides the latter should not touch the formalin. Should they do so t e iq 
wiU creep up the slides and tend to detach the sections. _ 

The sections are purposely overstained with bcematoxylin because 
longer period of differentiation needed is then sufficient almost compe i 
decolourise the gelatin with which the sections are inipregnated. 
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6i6 . 12 — 007 . 213 

AN tTNTJSUAL CONGENITAL CARDIAC DEFECT: FAILtIBE OP 
APPEARANCE OF THE ENDOCARDIAL CUSHIONS, THE AORTIC 
SEPTUM AND THE DISTAL PART OF THE LEFT SIXTH 
BRANCHIAL ARCH 


R. E. Rewell ’ 

The Zoological Society of London 

The specimen her© described was sent to me by Dr L. M. Traube of the 
Beckenham and Pengo Joint Maternity Hospital. It came from a male infant, 
delivered normally after a normal pregnancy, who became cyanosed soon 
after birth and survived only three days. No abnormal physical signs were 
discovered in the chest. Dr Traube performed a necropsy, and finding a condition 
with which she was nob familiar sent the thoracic contents to me for further 
study. No obnormalities were found outside the thorax. 


Description of the apecimtn 

On external examination the heart appeared to be of normal size and shape, 
but there was only one vessel in place of the pulmonary and aortic trunks. 



the muscle bxmdles crossing the lumen of the single ventricle, x 2 (approx.). 

This occupied tho usual position of the pulmonary artery and gave branches to 
the lungs, but became continuous with tho aortic arch and gavo off the innominate 
and loft common carotid and subclavian arteries in the manner usual to this 
latter vessel. 

Intemolly the right atrium and the openings into it of tho superior and 
inferior venrc cavas and tho coronary sinus appeared to be normal. On first 
examination tho interatrial septum also appeared normal from this side. Tho 
atrioventricular orifice wos guarded by a tricuspid valve which le<l into a single 
ventricle with no trace of a longitudinal septum. Popillary muscles aroso 
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from the anterior and right lateral walls of the ventricle. The chord® tendine® 
of the third cusp of the atrioventricular valve joined the posterior wall of the 
ventricle individually. The cavity of the ventricle was traversed by several 
columns of muscle resembling papillary muscles. Some ran upwards and 
backwards from the anterior wall, others upwards, forwards and to the left 
from the posterior wall. 

The persistent truncus arteriosus described above led out of the ventricle 
and no trace of a dividing septum could be found within it. Its opening was 
guarded, however, by a tricuspid valve of the " watch pocket ” type. 

No remnant of the ductus arteriosus could be found, i.e. the distal part of 
the left sixth branchial arch appeared to be absent. 

On opening the left atrium from behind, the portion into which the four 
pulmonary arteries opened appeared to be marked off from that nearer to the 
ventricle by a slight constriction, i.e. absorption of the common pulmonary 
vein did not appear to have been completed. The auricular appendage was 
normal. However, no opening was present between the left atrium and the 
common ventricle, the interatrial septum coming over close to the lateral wall 
of the atrium. There thus appeared to be no outlet from the atrivun, which 
would have made it impossible for blood returning from the lungs to get back 
into the circulation. In the foetus this might have been conceivable, but the 
child had survived for three days, so respiration must have been carried on by 
some means. Further search revealed a very narrow channel through the 
interatrial septum, opening into the right atrium low down in its wall. It is 
possible that in life this orifice was much wider than was apparent at autopsy. 

Discttssion 

The, anomalous interatrial septum. In the development of the normal heart 
during the fifth week of intra-uterine life, the sinus venosus opens into the right 
side of the common atrium, and a ridge, the septum spurium, runs down from 
the roof to become continuous with the venous valves guarding this orifice. 
Next the septvun primum appears as another ridge in the roof just to the left 
of the septvun sptuivun. In the sixth week, the atrioventricular canal becomes 
divided longitudinally by the fusion of the anterior and posterior endocardial 
cushions which thus form the septum intermedium. The common atrium 
becomes divided into two by the septum primum extending down to meet the 
septiun intermedivun. 

In the present case it would appear that the endocardial cushions had never 
arisen. As a result, no septum intermedium was formed, and so the septm 
primum passed over to the left and attached itself to that margin of the atrio- 
ventricular canal. 

An alternative explanation of the absence of the left atrioventricular canal is 
that this orifice had been closed as a result of inflammation. However, the 
interatrial septum comes over very close to the side wall of the left atrium an 
no pit or other obvious sign marks where the opening of the canal may haie 
been. Moreover, there is no trace of any of the cusps of a mitral valve nor anj 
chordae tendineae for them, nor do any of the muscle bundles crossing the ventric e 
appear to be in the correct position for the appropriate papillary muscles. 

The absence of the interventricular septum. This septum is formed norma y 
from three parts. The muscular portion arises from the septum inferius, w ic i 
starts from the floor of the common ventricle and runs upwards to divi e i 
longitudinally. Part of the membranous portion of the interventricular 
is formed from the proximal bulbar septum which divides the lowest pa o 
the bulbus arteriosus longitudinally and so lies just anterior to the mem 
part of the interventricular septum, so close that part of the latter ' 

proliferation from the former. The third element is the endocardia cus u 
proliferation from which forms the upper part. 
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Tlie commonest defect of the interventricular septum is a small hole at the 
upper edge of the muscular part due to a deficiency m the component from the 
proximal bulbar septum, especially eosj to imngme where transposition of the 
great \essels is present In the present case, however, none of tliose tlireo 
eleifients appears to be present at all 

The persistent tnmens artenosua. This is, of course, due to failure of the 
aortic cushions to form the spiral septum which normally di\ides off the 
pulmonary artery from the aorta and as such is a ell Imoivn abnormality 
In the present case, it is worthy of note that although the division between 
the tnmeus and bulbus arteriosus appears to have been obliterated, the only 
trace of any of the structures normally derived from either the proximal or 
distal bulbar septa or even from the cushions which form them, is the tricuspid 
\ alve at the orifice of the persistent truncus 

The conducting system of the heart Section of the lower part of the wall of 
the right atrium below the presumptive site of the smo otrial node and of two 
of the columns of muscle crossmg the ventricular cavity failed to reveal the 
presence of anj Purkinje fibres, but it must be noted that the tissue had not 
been very well fixed m the first instance 

I have to thank Sir Arthur Keith and Er J. Whilhs for help m the preparation 
of this account 


576 . 8 . 097 3 : 576 . 851 . 46 (B pertussis) 

THE FAILURE OF MTIOOPING COUGH AND ADULT SERA 
TO NEUTRALISE PERTUSSIS TOXIN 

D G Evans 

National Institute for Medical ResearcJi, Hampstead^ London 

It is well known that H pertussis elaborates a toxm with lethal and dermo 
necrotic properties and capable of produemg a specific antitoxin The sigmficance 
of pertussis toxm m the pathogenesis of whoopmg cough is not known and 
although, as previously pointed out (Evans, 1942), it is possible that the toxm 
may play a part m establishing mfoction by damaging tissue m advance of 
in\asion by the bacilli, there is not yet sufficient evidence to suggest that 
antitoxic immunity is of value in prophylaxis 

In recent years, reports have been published by Stroan (1940), Strean, 
Lapomto and Decheno (1941) and Kunstlor (1946) suggestmg that pertussis 
antitoxin is present m the blood of persons with a history of whoopmg cough, 
that it can bo detected by the mtraderroal injection of pertussis toxm, and that 
this skm test has the same significance m whoopmg cough as the Schick test 
lias m diphtheria The results obtamod by tliese workers were not confirmed 
bj Silverthome ct al (1944), who found tliat the skm test with pertussis toxin 
did not distmguish between children who had had whoopmg cough and those 
who had not Moreover, Eiaus and Maitland (1939) had shoivn that sera from 
patients w^th whoopmg cough, taken up to 9 weeks after the onset of illness, 
did not contam pertussis antitoxin However, m view of the recent work of 
Strean and others, it was considered advisable to make a further mvestigation 
for the presence of pertussis antitoxm with a larger number of sera from 
whoopmg cough patients and with sera from adults 

Sera 

Forty sera were obtained from whoopmg cough patients m hospital , 90 per 
cent were taken after the sixth week of illness and 40 per cent after the tenth 
week Soienteen sera from adults were also obtamed , 7 of these were from 
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doctors and nurses in daily contact with whooping-cough, while 3 were from 
persons who had had the disease in infancy. 

Test for antitoxin 

Pertussis toxin in the form of an extract from frozen, thawed and ground 
bacilli (Evans and Maitland, 1937) was used. Two-fold dilutions from 1 : 20 
to 1 : 640 were made in saline and control tests showed that 0-1 c.c. of the 
1 : 160 dilution produced, on intradermal injection into rabbits, the typical 
necrotic reaction which has often been described, while the 1 : 320 dilution 
gave this reaction only occasionally. With each serum sample, 0d6 c.c. of 
undiluted serum was added to 0-16 c.c. of each dilution of toxin and the mixtures 
kept at room temperature for 3 hours, when intradermal injections were made 
of 0-2 c.c. of each mixture into the shaven back of a rabbit. Three or four sera 
together with the control of toxin alone were usually tested on one rabbit. 
Some of the sera were also tested on guinea-pigs, but these animals were found to 
be less suitable for the test since they were not as susceptible to the skin reaction 
as rabbits. Six of the sera from adults were also tested for neutralising antibodies 
to lethal doses of toxin in mice. With the toxin employed, O-l c.c. of a 1 : 4 
dilution always proved fatal for 18-20 g. mice when given intravenous^, while 
a dilution of 1 : 8 was occasionally fatal. Four dilutions of toxin, 1:2, 1:4, 
1 : 8 and 1 ; 16, were used and to 0-1 c.c. of each* dilution 0-4 c.c. of undiluted 
serum was added, the total mixture of 0-5 c.c. being injected after remaining 
at room temperature for 3 hours. A control titration was made with 0-1 c.c. 
of each dilution of toxin mixed with 0-4 c.c. of saline. 


Besults 

None of the 57 sera, when tested by the intradermal method, contamed 
pertussis antitoxin sufficient to neutralise the smallest dose of pertussis toxin 
which produced a skin reaction. With each serum there was no ffifferenoe 
between either the skin reaction caused by the injection of mixtures of toxin 
and serum or by toxin alone. Neither was there any neutralising property 
shown by 6 of these sera when tested by the mouse intravenous method. 


Summary 

Forty sera from cases of whooping cough and 17 from adults were found to 
contain no pertussis antitoxin. 

This result does not support the suggestion made by Strean and Ins 
collaborators that persons with a history of whooping cough possess circidatiflg 
pertussis antitoxin which can be detected by the intradermal injection of 
pertussis toxin. 

I am indebted to Dr E. H. R. Harries, Medical Superintendent of the 
London County Cormcil North Eastern Hospital, and Dr Joyce IVright for the 
majority of sera used in this investigation. 
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Eluxnan torulosis 

By 'Leonard B. Cox and Jean C. Tolhcjiist. 1946. Molboumo and 
London ; Melbourne University Press in association with Oxford University 
Press. Pp. xi and 149 ; 67 figs, on 16 plates. 26s. 

Tliis Australian monograph on o rare but insufficiently recognised disease 
is both comprehensive and concise. It opens with a brief outline of the 
history of the disease, which formerly was often confused with blasto- 
mycosis. The authors then give a detailed account of 12 personally studied 
cases, with the necropsy findings in 8 — the largest series of cases yet 
reported from a single source. There follow well documented reviews of 
the clinical aspects of the disease, the properties of Torula histolytica and 
its pathogenicity for animals, the pathology of the lesions in man and 
animals, and the laboratory diagnosis of torulosis. In all of these the 
authors succeed in combining a well-balanced account of previous findings 
with the fruits of their own extensive experience. Indeed the first merit 
of the work is that it is a record of poraonnl research and not a mere 
compilation. This applies particularly to the sections on microbiology and 
pathology, which bear witness to much careful and original laboratory 
investigation. Consequently the monograph, while valuable to the 
clinician, will be of even greater value to the pathologist and bacteriologist. 
The 67 photographs, most of which depict the gross and microscopic 
appearances of tho lesions and the morphology of the organism in the 
lesions and in culture, arc clear and well chosen. Finally, there are a 
comprehensive list of 134 references, an adequate index, and an appendix 
necessitated by war-time delay in publication in which tho authors add 
their thirteenth case end bring their review of the literature up to date. 

This is a wholly commendable monograph ; it should stimulate interest 
in a disease which is evidently not the great rarity many have supposed, 
which can easily escape diagnosis unless deliberately searched for, and of 
which, be it noted, very few cases have so for been reported in Great Britain, 


Experimental hypertension 

By WnxiAM Goedrino ef ol. 1946. Now York. Being volume HI of 
the special publications of the New York Academy of Sciences. Pp. x 
and 179 ; 45 figs. §3.75. 

In Fobruarj% 1 946, the New York Academy of Sciences hold a symposium 
on experimental hypertension in which prominent American investigators 
read papers on many aspects of tho subject and discussed their results. 
Dr Harry Goldblatt gave the introductorj' lecture in which ho outlined 
with groat clarity tho events leading up to his significant experiment with 
the Goldblatt clamp. It will bo remembered that tho outcome of this 
metbotl was the demonstration that hypertension develops in the dog 
after constriction of the main artorj' of one kidney. Subsequent experiments 
showed that tho same phenomenon can bo induced in a host of animals 
and that in somo of these, especially tho rat and sheep, tho blood pressure 
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remains high for many months, whereas in others the hj^pertension 
disappears in a few weeks. A prompt recovery follows release of the 
obstruction or removal of the kidney with the constricted renal arten-. 
Despite constriction of both main arteries in the dog — a procedure which 
leads to persistent hypertension — no accompanying upset of renal excretorv 
fimction can be detected ; hence the conclusion that there is a tj-pe of 
hypertension of renal origin without gross disturbance of excretory function. 
On the other hand, when renal fimction becomes impaired, fatal uriemia 
results and autopsy invariably reveals pathological changes in the vessels 
of the kidney and other organs reminiscent of the malignant phase of 
essential hypertension in man. 

It is not proposed to describe at length the outcome of these important 
results, for the ramifications of the subject are many, but reference to the 
general conclusions reached at the New York symposium may be enough 
to persuade the reader interested in hypertension to study this important 
compilation. > 

Most of the speakers agreed that interference with the blood flow 
tlmough the kidneys initiates a mechanism which leads to some form of 
hypertension. This is independent of nervous factors and most likely 
humoraL Much evidence exists in support of a circulating pressor substance 
(hypertensin or angiotonin) formed through the action of renin — a proteo- 
lytic enzyme normally reposing in the kidneys — on a blood globulin variously 
known as renin substrate or hypertensinogen. Interference with renal 
luemodynamics results in the release or formation of- abnormal amounts of 
renin. No other tissue, apparently, can produce this compound, since a 
rise in blood pressure does not follow impairment of the blood supply of 
the spleen, the liver or the parts of the body supplied by the aorta below 
the origin of the renal arteries. However, it is only fair to say that 
alternative suggestions have been made and some workers maintain that 
in such circumstances there is decreased formation of an anti-pressor 
substance normally foimd in the kidneys. A further opinion is tliat 
angiotonin exerts a pressor effect only when another (as yet unknown) 
substance is present in the blood. Indeed, the problem is complicated 
by the lack of convincing proof that angiotonin is the cavise of the hyper- 
tension and a further factor may ultimately prove to be involved in the 
mechanism. 

To make things stiU more complicated a protein component of kidney 
extract with an anti-pressor action has been identified and is presumed 
to contain an angiotonase or hypertensmase, but no proof has yet been 
advanced that this, as such, enters the circulation after its injection. An 
anti-renin substance, too, can be developed in animals receiving repeated 
intramuscular injections of renal extracts containing renin, and in h}T?er- 
tensive animals this gives a fall in the blood pressure. 

Although much useful information about hypertension has been derived 
from these experiments it seems that little has been contributed so far to 
the human problem, for it is not yet certain that the primary disturbance 
in the experimental animal and in man are identical. Anatomical evidence 
- of disturbed renal flow is far from constant ; indeed, the general impression 
favours the view that the renal circulatory alteration is a secondary enec 
resulting from the action of an unknown pressor agent. Cleat evidence o 
a renal type of hypertension in man probably exists in no more t an 
10 per cent, of the cases in adults and we should be cautious about app 
conclusions drawn from such a small minority to the generality of 
No better summary of the present position can be given than by mg 
the words of Drs. Goldring, Cbasis and Smith (page 178) ■ 
hypertensive disease is a complex disorder in which elevated blood pre-S 
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15 merelj one manifestation The production of cle\ated blood pressure 
in the experimental animal cannot be construed as evidence of the 
production of hypertensive disease, nor can the assumption be accepted 
that, when the blood pressure la elevated, the animal has the counterpart 
of the human disease, nor that, when the blood pressure is lowered to 
normal levels by presumably specific antipressor agents, the animal i3 
cured of the disease ” A gloomj though salutary corroctiv e ’ 

Marine microbiology 

By CiAUpi: E ZoBell 1946 Waltham, Mass , The Cluronica Botanicft 
Co London, William Dawson and Sons Ltd Pp xviand 240 , 12 te\t 

figs S5 

This book reviews and summarises an extensive literature on marine 
bacteria and other micro organisms as biochemical, geological and hydro 
biological agents A senes of chapters deals with the marme environment, 
the distribution and characters of marme bacteria, the micro organisms of 
the sea bottom and their activities and their samtnry and economic aspects 
The author has brought together a large amount of information scattered 
widely m the literature and has knit the material into a well documented 
and coherent whole In the sections dealing with the collection and 
exammation of samples taken nt sea, methods of enumeration, studios on 
distribution and general nature of the flora of the sea bottom — subjects 
m which the author and his coUaborators have carried out pioneer work— 
the relevant data are admirably presented It is in fact the best critical 
©vposition of these subjects winch the reviewer has mot and should be read 
with advantage b> most bacteriologists The cliapters on the sanitary and 
economio aspects of marme microbiology nr© not up to the same level 
There is confusion m the section on the bacteria present on sea fish For 
ovamplo, data for newlj caught fish are given without comment alongside 
those from fish in which no precautions were taken to exclude contamination 
from human sources The autochthonous bacterial flora of fish flreshlj 
caught and placed m sterile contamers is vastly different qualitatively and 
quantitatively from that of fish which have been handled by man and 
examined after storage m ice, which itself contains numerous bacteria The 
organisms of the surface slime and of the intestinal contents rapidly 
penetrate the vascular gills and quickly mvade the tissues by the blood 
stream In this connection, the excellent work of Lucke and Schwartz 
giving quantitative data of viable organisms from the living fish till it 
reaches the retailer is omitted, although mention is made of this work in 
general terms m the section on spoilage of marine products As m so 
manj American boolcs, contributions from European sources aro almost 
Ignored 

The mclusion of the halophiles which cause the reddening of salted fish 
along with the bacteria of marme fish cannot bo justified In another 
section the halophiles are treated as derived from solar salts and no cross 
reference is given The statement on p 100, quoted from Beclcwith, that 
Diplococcua gadxdarum can bo isolated from discoloured unsaltod codhsh, 
given just before mention of the discolouration of vinsnltod halibut, would 
cause confusion to anyone tmfamilmr with the halophiles Tins organism is 
present only on salted fish The inclusion of Olathrocijslis rosco perazcina, 
Oidutm fulviituitum and Torula tpxzoa as causal agents of reddening of salt 
fish 13 not m accordance with modem work 

The section on the bacteriology of ico is inadequate The author has 
depended on Jensen’s circumscribed review. European data on the subject 
liav 0 been largelv ignored and nothing w said of artificial ice Of the quite 
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voluminous literature on germicidal ices only two papers, are mentioned 
(one Canadian and one American). In the treatment of the characteristics 
of marine bacteria and the transformation of organic matter several points 
arise. The treatment of the luminous bacteria and' of their voWminous 
literature is quite inadequate. Further, the classification of Achfomobaeter, 
Flavohacterium and Micrococcus will remain difficult until more is known 
of the biochemistry and variability of these organisms. 

Of more general interest is the statement- on p. 142 that proteolidio 
bacteria are primarily responsible for the spoilage offish, shellfish, crabmeat 
and other marine foods. This is too sweeping. It is now known that 
spoilage of fish, stored in ice, is detectable several days before there is 
obvious breakdown of protein. Trimethylamine is produced from tri- 
methylamine oxide, not from fish protein as ZoBell seems to infer from the 
statement on p. 143. It appears several days before the ammonia which 
arises from deamination of the protein. 

There is much speculation on the relation of bacteria to geological 
formations, based on very general findings, but there is necessarily a lack 
of specificity with regard to the characters of the bacteria. 

The anaerobes of special interest in the mud of the sea bottom are no 
more than barely mentioned hut great importance is attributed to them 
in the chemistry of the sea bottom. 

This is a book which bacteriologists would do well to read. To 
students of marine microbiology it is indispensable. 

There is a bibliography of 676 items. 

Chemotherapy 

By Sir AiiEXAiTDEB. Fleming. 1946. London : Cambridge University Press. 
Pp. 39 ; 5 text figs, and 2 plates. 2s. 

This Linacre lecture is a concise review of one branch of a very wide 
subject, being limited to chemotherapy of bacterial infections. The first 
part is devoted to a consideration of local chemotherapy, starting with 
Lister’s use of carbolic acid as an antiseptic and passing in review the 
various chemical agents subsequently introduced for the treatment of 
wounds. The importance of the* relative toxicity of chemotherapeutic 
substances .to leucocytes and bacteria is stressed, and is illustrated by the 
author’s own observations on formalin, quinine, eusol and mercuric chloride, 
using the slide-cell technique. With the exception of Ehrlich’s salvarsan, 
however, all the chemicals tested for systemic therapeutic activity against 
bacterial infections failed tmtU the introduction of the sulphonamides. The 
merits and limitations of the sulphonamides are discussed and relatively 
little space is given to a consideration of the unique properties of penicillin. 
The potentialities of gramicidin, streptomycin and other antibiotics are 
briefiy indicated. In relation to the future development of chemotherapy 
in Britain, the need for a central institute for fundamental research in 
microbiology is stressed. 

A textbook of bacteriology and immunology 

By Joseph M. DotrcHEBTy and Abthxtr J. Lambebti. 1946. London. 
Henry Kimpton. Pp. 360 ; 102 text figs. 22s. 6d. 

This book, being wwitten primarily for the pre-medical or pre-dental 
stage of the student’s curriculum, makes little reference to the 
and functions of bacteria in the economic sphere, whilst the pa oge 
orgam'sms are dealt with in sotne detail. Suitable emphasis is 
elementary optics and the fimdamentals of microscopy, but a lagr 
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such &3 fig 11, of eight lines, is only misleading, since (a) the focal point 
of the condenser is below the upper surface of the slide, (6) the ray emerging 
at the gloss air interface is not refracted, (c) the convergent pencil of light 
from the Condenser is as^mimetrical, and (d) the boundary of the oil droplet 
IS concave to tho right instead of to the left. 

After a brief section dealmg with yeasts and moulds, a ell illustrated 
section on bacteriological apparatus, culture media and manipulative tech 
nique follow-s This is marred by inaccuracies , for example on page 72 
lievmlose is described ns inverted cane sugar, whilst galactose is derived 
from the hydrolysis of starch It seems mappropnate to suggest tlie use 
of mnemonics to the student’s mmd (p 47) and it is certainly misleadmg 
to state that ‘ Bacteria reproduce by the budding of spores and hy bmarj 
fission ’ , or, m the hght of our Imowledge of anaerobiosis, to describe 
oxygen (p 63) ns “ nn morgamc constituent of the atmosphere, an absolute 
requirement for all living tlimgs ** 

A section on immunology follows in whicli routme serological tests are 
elaborated m soma detail, and m a subsequent chapter hTjmatological 
techniques are briefly described There are many errors end misprmts, 
eg an 85 per cent solution of sodium chloride is given as the suspending 
medium for sheep erythrocytes, and the area of the hTimacytometer squares 
IS miscalculated os 1/4000 sq mm 

Tho remamder of the volume deals with the mam groups of pathogenic 
organisms, including the protozoa and filterable viruses, and with the 
bacteriology of ■water, milk and other foods The illustrations m this 
systematic survey are exceedingly crude drawings Fig 73, which represents 
Mycobacterium Upra, is particularly puerile, while the legends give no 
indication of tho magnifications employed The nomenclature is in 
consistent, and misleading for the novice for whom the book is prmmnlj 
intended 

Atlae ol histopathology oI the Bhin 

By G H Pfrcival, A Mxtrba’v Drennan and T C Dodds 1047 
rdmburgh E & S Lu ingstone Pp viii and 404 , 370 photomicrograplis 
in colour 76s 

Tho coro of this work is an excellent senes of coloured plates dejiicting 
tho histological appearances of skin diseases and the authors are to be 
congratulated It will be of great value to tho postgraduate student m 
dermatology for whom it is mtended Tho work must bo accepted for what 
it 13, an atlas of histopathology of the skm, to be used in conjunction with 
textbooks of skm diseases and textbooks of pathology The text is 
deliberately brief and relatively unimportant , tho legends attached to tho 
plates are simple and descnptivo — perhaps a little too simple at times 
The reproductions are, almost without exception, excellent, though a few 
are too heavily stained with consequent loss of detail We would have 
welcoihod moro high power reproductions to bring out such detail, but 
there is, nevertheless, a wealth of material 

One criticism wo would offer is that in many of tlie plates tho field 
pre'?ented is too small, so that tho disease depicted is not seen m relation to 
and differentiated from the normal tissue with which it might bo compared 
An example is tho smglo low power section of mycosis fungoides, which 
IS also Olio of the few specimens not m focus 

Tlio authors attempt m the introduction to justify nn un'usual arrange 
ment of tho material pre&ented on morphological grounds but wo do not 
think this will have a general appeal Inflammation is presented through 
tho methura of illustrations of urticaria — mcliiding urticaria pigmentosa 
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psoriasis, lichen, eczema, prurigo and vesico-buUous eruptions, before 
impetigo and staphylococcal infections are dealt with. 

There is some disproportion, which should be corrected in subsequent 
editions. .Thus psoriasis, varicella and vaccinia are each given four 
illustrations while keratodermia blenorrhagica has five and the pigmented 
nrevus twenty -seven. Much attention is given to the formation of vesicles 
and bullfe, and the thesis is put forward that in eczema this is not the 
result of filtration from papillary oedema. 

Not all dermatologists will subscribe to the general conception of 
eczema put forward. This is inevitable, but with all respect to the views 
of the Edinburgh sehool, we think it unfortunate that seborrhoeic dermatitis 
and other commonly accepted seborrhoeic disorders should not be mentioned 
as such, if only in brackets. 

It is unfortunate too that, after a series of good plates of the nonnal 
histology, the work should open with such rare affections as pseudo- 
xanthoma elasticum, amyloid infiltration, sclerodermia, calcinosis, dennato- 
myositis and necrobiosis lipoidica. Five illustrations are assigned to the 
latter affection, which is, we think improperly, related by the authors to 
granuloma annulare. On the other hand no mention is made of the 
rheumatoid nodule which, histologically, may be identical with granuloma 
annulare. Another omission is the illustration of factors concerned in 
pigmentation of the skin. We suggest that it would enhance the value of 
the plates if there were, in addition, clear large-scale examples, perhaps 
diagrammatic, of the cells composing various tissues and taking part in 
different reactions. 

This work is, nevertheless, a valuable addition to the library of the 
dermatologist and the histopathologist. 

Skin diseases, nutrition and metabolism 

By Emch Ukbach, with the collaboration of Edwabd B. LeWink. 1946. 
London ; William Heinemann (Medical Books) Ltd. Pp. xxii and 634 j 
266 text figs. 50s. 

Dr Urbach has attempted a difficult task with some success. He 
has put much labour into the work, and presents a well-illustrated volmne 
of pleasing appearance. The historical introduction is interesting and the 
general approach to the subject good. The value of the biochemical 
investigation of the skin as opposed to the blood is stressed, but Kttle work 
has been done in this field except by the author himself. 

The informed reader will appreciate the collection in one volume of 
much of what is known and accepted of the metabolism and biochemistry 
of the skin and of the influence of diet. It is useful also to have some 
particulars of alleged metabolic causes of skin diseases, but the uninformed 
reader will find much of this confusing, for weighty authority and evidence 
are often brought to support entirely opposing points of view and no very 
critical evaluation is offered. The chapter' on psoriasis is an exainple of 
this and in general too much is made of biochemical findings which, m 
relation to most constitutional and allergic reactions, are probably incidents 
and of no basic significance. 

The reviewer would have lilred a more adequate consideration of m 
disturbances of carbohydrate and fat metabolism, general and local, an 
of the influence and character of disturbances of the sodium, potassium 
and calcium balance, which receive no attention. In a work of t ese 
proportions some attention might have been given to such affections as 
myxcedema, dermatomyositis, sclerema and sclerodermia. In this coMec ion 
Urbach incorrectly reports Sellei as regarding acrosclerosis as wen ic 
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with sclerodactylia in fact Sellei is responsible for the clear ddferentiation 
of these tivo affections The clinician will question some of Dr Urbach’s 
assertions and will not easily accept at their face \aluo some of the 
illustrations indicatmg response to the dietetic treatment of neurodermatitis, 
psoriasis and other constitutional dermatoses There is much in the text 
that could with advantage be cut, ■while subjects lilve tuberculosis, pemiosis 
and eczema demand a broader and more balanced approach The reader 
IS left with the feeling that there is an attempt to record all that has been 
said and ■written on the subject instead of selecting the profitable work 
and presenting this to more purpose 


Fundamentals of immunology 

By C Boyd Revised reprmt, 1940 New York and Toronto , Staples 
Press Ltd London John Bale Medical Publications Ltd Pp xiv and 
440 , 45 text figs 333 

The author has been remarkably succ^sful in presenting the funda 
mentals of immunology for the beginner and at the same tirao offering 
information and discussion useful to the “ professional immunologist ” 

The opening sentences of the book forecast a limited treatment “ ^\^lat 
we are really interested m is degrees of resistance to disease ” But 
m chapter ^TTI, on anaphjlaxis and allergy, fbo “ unwary reader ” is told 
that he must broaden lus conception of immunology and interest himself 
in a general waj in the mechanisms brought into action on exposure to a 
specific foreign substance This eioUition is characteristio of the book, 
which bears throughout the mark of a skilful and patient teacher prepared 
to approach difficulties m the most gradual fashion yet determined that his 
pupil sliall not avoid them 

'Modern conceptions are stated first and much contradiction and 
confusion are avoided by including historical mformation only if it is 
relevant The bibliography is extensive but it discnmmates fairly and 
wisely and there ore 80 usefhl pages on laboratory and clinical technique 

Interpretation of the Widal reaction m the diagnosis of typhoid lias been 
summarised (p 301) “ rather roughly ’ — so roughlj that the guidance 
offered is seriously misleading on some points For example “The O 
may be positive and the H negative This means tlie disease is not 
typhoid, or if tj’phoid, too recent for the H agglutinins to have developed 
And again “ Tho O may bo negative and the H positive This 
means tlie disease is not now active, or tho patient has previously been 
vaccinated against typhoid ” 

These errors require correction m tho next edition but they are not 
representative and do not seriously dimmish tho value of the book, which 
maj be recommended with confidence to both students and lecturers 


Tho bacterial cell in its relation to problems ol virulence. Immunity 
and chemotherapy 

By Rev6 J Dudos Second printing, 194G Cambridge Moss Harvard 
Universitj Press (London Geoffrey Cumberlego) Pp xix and 4C0, 
22 text figs and 20 plates 28s 

A second printing of tlus authoritative and informative work has been 
called for withm a jear of publication, a striking tribute to its groat merits 
(For reuovr, aoo this Journal, 194G, Iviii 509 ) 
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An introduction to bacteriological chemistry 

By C. G. Anderson. Second edition, 1946. Edinburgh: E. & S. 
Livingstone. Pp. x and 500 ; 11 text figs. 20s. 

In his new edition the author has provided a chapter on bacterial growth 
factors which comprises a great deal of useful information within a small 
compass, including a well-arranged table of the vitamin requirements of 
a number of organisms. This chapter is up to date and valuable. The same 
is true of the new chapters X and XI, which introduce the student to 
modern aspects of chemotherapy and antibiotics respectively. These three 
additions greatly enhance the value of the book. In chapters XXII and 
XXm the student is ably introduced to the chemical aspects of immunity, 
whilst chapter XVI deals with the fermentations and metabolic products 
of the lower fungi (moulds) and comprises a lot of information in a small 
space, usefully introducing a subject not often presented to elementary 
students. 

The first four chapters are devoted to general elementary biochemistry, 
which the student could obtain better from an elementary textbook of 
the subject. The space so saved would have enabled the author to deal 
more adequately with his crowded programme and perhaps to give more 
space to bacterial photosynthesis and to include a more adequate account 
of filterable toxins. 

On a completely different level are chapters XIV and XV which deal 
with alcoholic and bacterial fermentation. It is almost incredible at this 
period to see the schemes of Neuberg (1919-1925) for alcoholic fermentation 
and the provisional scheme of Kluyver (1931) for bacterial fermentations— 
useful as they were when put forward — treated as if they were still of an 
importance and validity comparable with the modem Embden-Meyerhof- 
Pamas scheme, every step of which has now been experimentally proved 
and every intermediate and almost every enzyme involved isolated. It 
also grossly misrepresents the views of Neuberg and of Kluyver, who 
have never claimed that their respective schemes are still tenable in view 
of modern work. During the last six years bacterial fermentation 
have been shown to conform to the same fundamental plan as alcohohc 
fermentation, with additional products due to different enz 3 me systems. 
This valuable and masterly work, coming chiefly from the Iowa school, 
has been almost completely ignored and the student instead fobbed off 
with obsolete hypotheses in which acetaldehyde and methyl glyoxal hold 
key positions. 

It appears from internal evidence and the list of recommended reading 
that the author has here (as also in the chapters on nitrogen rnetabolism 
and bacterial respiration) relied on obsolete textbook material instead o 
on original papers or oven on the many excellent reviews appearing 
annually. So little interest does he take in these aspects of his subject tha 
he puts forward contradictory theories for the same process in diferen 
sections, as, for example, when the formation of methane is attribu e 
to COj reduction on p. 76 and to cellulose fermentation in the chapter on 
industrial fermentation. 

Synopsis of pathology 

By W. A. D. Anderson. Second edition, 1946. London : Henry Kimpton- 
Pp. 741 ; 327 text figs, and 14 colour plates. 32s. 6d. 

The new edition of Anderson’s “ Synopsis ” contains 80 more pag®s 
than the first ; but by the use of a lighter paper, both bulk and 
• have been reduced. Of the 327 text figures, 74 are new, mainiy 
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substitution Ro\ laion of tho text has been extensu o, and greater emphasis 
has been given to tropical diseases and conditions important m “war 
medicmo” The chapters dealing with viral, rickettsial, spiroch'etal, 
mjcotic, protozoal and helminthic infections have been enlarged and 
made more inclusive and some new subjects like epidemic hepatitis and 
blast mjuries have been given attention Chapter Yl, for example, on 
rickettsial and viral diseases (both vvTitten and revised by Pr Henrj 
Pinkerton) has grown from 17 to 33 pages, and the bibliography from 10 
to 46 items This well balanced chapter provides just the right kmd and 
amount of information for the undergraduate concerning a group of diseases 
of which he cannot be expected to have much first hand knowledge but 
about which he may well bo expected to answer questions m an examination 

The section on worm infections — quite inadequate, ev en for examination 
purposes, in the first edition — has been enlarged from 4 to 9 pages, and 
now mcludes a new 2 page account of schistosomiasis A number of 
important pomts of detail are however still omitted, or dealt with only 
very cursorily The pathological effects of hoolcworm mfestatxon, for 
example, are still given m two lines (“ tho condition is often accompanied 
by severe anscmia, eosmophilia, and evidence of general mtoxication ”), 
and there is still not a word about the pathogemc effects of DiphyXlobothriUtn 
latum or its geographical distribution, surely a subject of special interest 
and importance to Americans 

In tho section on asbestosis (p 370), the statement continues to be 
made that “ Inhalation (of asbestos fibres) over a period of seven or more 
jears is usually required to produce the disease” Surely it is a matter 
of the amount of dust inhaled In tho past, prior to the introduction of 
safety devices, many workers m very dusty atmospheres have inhaled 
enough dust in 0 months or a year to produce, at a later date, severe 
asbestosis from which they died This is a point to which we drew attention 
in reviewing the first edition (this Journal, 1943, Iv, 384) Nor can the 
statement that the puhnonaty fibrosis is due to meehameal rather than 
specific chemical action be allowed to pass unchallenged It is controrj 
to tho best modem opinion The basal distnbution of tho fibrosis should 
bo mentioned The brief note on the eidero silicosis of h'ematite miners 
convejs a wrong impression of the jetiologj of this condition It reads 
“ Silico siderosis is due to mlialation of iron containmg hiematite by 
h-ematito mmera The lungs have a strikmg brick red colour Some silica 
13 usually inlialed as well A diffuse or nodular pulmonary fibrosis maj 
bo produced ” Tho reader would hardly gather from this, (o) that hfematite 
invariably contains a substantial proportion of silica, (6) that it is tins 
silica and not tho feme oxide which is tho noxious agent 

Taken as a whole, however. Dr Anderson's httlo book represents a 
praiseworthy attempt to provide the student of medicme with a synoptic 
nccovmt, well illustrated, of pathological processes, with emphasis on the 
morbid anatomy and histology For examination and revision purposes 
It should be particularly useful Tho serviceable lists of references, mainly 
American, have boon brought well up to date 

Autopsy diagnosis and technic 

By Orro SAriim Second edition, 1946 New York and London Paul 
B Hoeber Pp xvmand405, 69 text figs §5 

W 0 have not scon tho first edition of this manual The preface to the 
second edition mentions tho inclusion of additional material on diseases 
of the breast, accidental death, stillborn and newborn mfants, the no'so 
and nccessorj sinuses, vitamin deficiencies, and certain tropical diseases 



352 


BOORS RECEIVED 


The author disclaims all intention of producing a text-book of pathology 
The two prefaces and Dr Ludwig Hektoen’s foreword permit the inference 
that the book is not for pathologists so much as for students and clinicians, 
whose capacity to take advantage of the opportunities of autopsies it hopes 
to increase. This object may well have been achieved. 

The scheme adopted is to give in detail one method of makmg a post- 
mortem examination, and to introduce descriptions of the morbid 
appearances which may be formd in each organ as it comes under 
examination. Dr Saphir favours the removal of the thoracic, abdominal 
and pelvic contents en masse. It happens that the reviewer does not 
share this view, but pathologists lilce everybody else are creatures of habit, 
and probably find most convenient the methods to which they have become 
accustomed. The important thing is that Saphir offers a practicable plan 
of attack on his visceral mass, and a lucid explanation of the approach 
to each individual organ. One feels that an adequate autopsy, from the 
operative point of view, could be carried out by a beginner armed with 
this book and plenty of time. 

The descriptive morbid anatomy is on the whole sound and clearly 
expressed, but there are a few rmaccountable lapses, e.g, it is suggested 
(p. 94) that infarction of the lungs commonly follows embolism resulting 
from systemic venovss tlwombosis, though later (p. 187) a more orthodox 
statement on pulmonary infarction is given. There has evidently been a 
slip in fig. 20, which shows the adrenal and sympathetic ganglia (but not 
the kidney) as sites of hypernephroma, because the correct version is given 
in the text (p. 121). The short paragraph on p. 191 is an insufficient guide 
to the differentiation between lobar pneumonia and confluent broncho- 
pneumonia. One wonders if the author has had any personal experience 
of pneumoconiosis when he gives a single composite eight-line desoriptioi 
for anthracosis, silicosis, siderosis and asbestosis. The word arteriosclerosh 
has lost any precise meaning ; in this book it is used for atheroma (p. 228). 
Osteoma seems a formidable designation for the beterotopic bony firagments 
foimd in the spinal meninges (p. 326). In chronic passive hyperffimia, 
pace p. 275, the spleen is nob necessarily enlarged, its capsule and trabeoulse 
are not thickened, and the follicles are usually clearly visible. 

On the whole this book should realise its author’s purpose. It is e^y 
reading, and has the great merit — ^to this reviewer at any rate — of being 
printed on matt paper. 

Clinical laboratory diagnosis 

By SAmrEL A. Lbvuvson and Robebt B. MacPatb- Third edition. 1216- 
London : Henry Kimpton. Pp. 971 ; 192 text figs, and 15 plate (7 w 
colour). 60s. 

The general plan of this work remains the same as in the first and 
second editions (reviewed in this Journal z 1937, xlv, 786; and 1^^^’ 
510). The authors’ preface states that data and procedures have been 
brought up to date, chemical methods “ critically revised to simplify 
detailed step”, and some new features added. Of the last narned o 
most important is a chapter on tropical medicine, which is xela we y 
satisfactory, probably because its subject is better adapted than rm 
to the manner of treatment. _ . _ 

The strongest feature in the book is the description of teclmical g 

in given examinations and especially in chemical examinations. /jgfgj] 
proportion of cases these are set out with a clarity and precision o 
which ought to make them possible even to the veriest t^o. ^ ^ 

indications of when and why these examinations are to be done ar 
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much less satisfactory level, and the alphabetical list of diseases (pp. 023-933) 
with their appropriate laboratory tests— and the page numbers of the latter— 
seems to condone something approaching penny-in-the-slot patholo^. 

The worst section is that on bacteriology. The space allotted is quit© 
inadequate and much of the information in the tables (pp. G34 et seq-) 
is antiquated and useless from a practical point of view. Insufficient 
attention is given to serological methods' in the identification of fjecal 
bacteria, and the brief notes on the investigation of diphtheria -would be 
useless alike to novice and expert. The method of blood culture put 
forward seems to combine a substantial risk of contamination with a 
considerable chance of failing to gjow the pertinent organism. 

It is still impossible to commend this book. In one respect it may 
even be dangerous, through enabling clinical pathological investigations 
to be carried out and “ interpreted *’ by those who have not a proper 
grasp of their implications. 

Principles of hematology 

By Russell L. Haden. Third edition. 1046. London : Henry Kimpton- 
Pp. 366 ; 171 text figs, and 1 colour plate. 26s. 

This small book on haimatology has now reached its third edition. 
The author's purpose is ” to keep this volume a simple discussion of the 
fundamental principles of hematology As such, therefore, it is written 
'* for the student and physician It obviously does not meet the require- 
ments of the pathologist, as the information given amounts to little more 
than the bare bones of blood cytology and of the standard estimations 
and calculations. Rlustrativo cose records fill about one third of the book, 
photograplvB and diagrams a further quarter. This leaves little room for 
informative text and, indeed, -what text remains is so repetitive as to make 
its reading tedious. Moreover, tables, diagrams and legends to figures are 
often used to repeat what has already been said more than once in the text. 

The principles elaborated are those which virtually limit hrematology 
to a study of the peripheral blood os the via tnedia between bone marrow 
and tissues. This mechanistic conception is emphasised in numerous 
diagrams of the “ popular economics ” t 3 qje. The broader pathological 
and clinical view tends to bo obscured by too much dependence on simple 
illustration and example. Tito student, liaving been led through a brief 
review and classification of louktcmla (including the doubtful chronic 
monocytic type) is presented with cose records of seven cases wltich are 
certainly of interest, but ho wtU fail to gain any idea of the natural history 
of the disoa.so as a whole, of its morbidity and mortality or even of the 
highly important ago incidence of the common typos. 

The method of selection of material for this book is difficult to tmdor- 
stand. The author includes technical instructions for estimation of iron 
equivalents, prothrombin time and hotorophilo antibodies, and intentionally 
leaves out not only the technique of Rh testing but all mention of the 
role of the RU factor in disease. Ho has now included a short section on 
marrow biopsy, thus rectifying one of the grosser omissions pointed out 
in this JoumaVa review of tho previous edition, but he has not brought 
the book up-to-date. No reference is made to published work later than 
1030 and much of his discussion is based on promises recently modified, 
such os the identity of tho raegaloblast and the survival period of the 
erythrocyte. 

The book is well illustrated and pleasingly produced, though not free 
from misprints, and will probably maintain currency among those clinicians 
who like to keep their hajmatological conceptions stable and simple. 

J. Wta. BiCT.— TOI.. ux 2. 
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PROCEEDINGS OF THE PATHOLOGICAL SOCIETY 

J. F. Heggie and Ivor Lewis. (1) Sarcoma of bronchus (treated by radiation) • 
biopsy sections. (2) Carcinoma of lung : biopsy and gross (pneumonectomy) 
specimens. (3) Carcinoma of head of pancreas (tVhipple operation) : excised 
specimen. 

AIaetet Bodian. Eosinophilic granuloma of bone. 

CiNEMATOGRARH EILM 

The cultivation of tissue in vitro : the maintenance of living tissue 
outside the maternal organism 


Abstracts 


576 . 8 . 095 . 4 . 576 : 851 . 49 (B. dysentericB) 616 . 33 — 008 . 8 

OBSERVATIONS ON THE SURVIVAL OP B. DYSENTERY 
IN GASTRIC JUICES 

J. C. Dick 

From the Department of Pathology, the University and 
Royal Infirmary, Glasgow 

The following experiment was carried out in a few cases of bacillary dysentery. 
When the patient was convalescent, a fractional test-meal was performed and 
the free and total acidity measured in the usual way. Thereafter, to 0-76 ml. 
of each fraction (filtered through gauze) 0-26 ml. of a 100 million per ml. 
suspension of a 24-hour agar culture of the patient’s own infecting organism 
was added. After thorough mixing and incubation at 37® C. subcultures were 
made every quarter of an hour for one hour and again at two hours. The 
survival rate of the organisms in each fraction was compared with the acidity 
of that fraction. Simultaneously, the above amoimts of the suspension of 
organisms were mixed with various dilutions of hydrochloric acid in distilled 
water and the survival rate tested in the same way. 

In the first case tested, the organisms (B, dysenterice Flexner) survived up 
to 2 hours in four fractions, all of which showed no free hydrochloric acid, 
though one of the fractions had a total acidity of 0-073 per cent, before dilution 
with the suspension. In two fractions (^ hr. and f hr.) where there was 
0-073 per cent, free HCl with higher total acidity, the organisms did not survive 
for 15 minutes (really 8 minutes at 37° C., as 6 or 7 minutes were taken up 
in mixing all the fraction and suspension mixtures). Tested in dilute HCl 
only, this strain of the dysentery bacillus survived in 0-05 per cent, for 15 
minutes but not for half an hour, and not even for 15 minutes m 
0-075 per cent. acid. 

In another case of Flexner dysentery, a lethal concentration of HCl was no 
reached imtil the one-hour fraction. 

A case of Sonne dysentery showed a high curve for free HCl but, as of en 
occurs early in such ciu-ves, the J and i hr. fractions showed a free acid 0 ess 
than 0-036 per cent, and the organisms survived in them for at least IJ hours. 
In aqueous dilutions of HCl the bacilli survived for 15 minutes in 0-05 

In the fourth test, another Sonne dysentery, there was a low level 0 ^ r 
HCl throughout, only one fraction (with 0-073 per cent. HCl) killing 
within 15 minutes, although the total acidity reached 0-182 per cent, m ano 
specimen. 
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In a case with Shiga dysentery^ the results were similar 
Thus the survival of the organisms m the fractions depended upon their 
percentage content of free hydroclilono acid 

Garrod (1937) showed the varymg susceptibilities of various intestinal 
pathogenic organisms to the bactericidal action of gastric juice or ite active 
ccnstituents Br. abortus and Br mtlitensts were most susceptible, then Bact 
iyplioaum, while Sh fiexnen was least susceptible of those t^ted His observa 
tions support the proposition that the mfectivity of intestinal pathogens varies 
wnth their resistance to bactericidal action m the stomach 

Wilson and Miles (Topley and Wilson, 1946) state that the empty stomach is 
generally sterile, but that immediately after a meal it contams numerous 
organisms (mgested with the food), most of which appear to be killed off rapidly 
They go on to state that, if the motility of the stomach is excessive or the 
acidity below normal, this sterilising effect of the gastric jmee is probably 
incomplete 

Samson Wright (1946) pomts out that the peristaltic waves in the wall of 
the stomach are normally gentle and not very deep there is no general vigorous 
churning up of the food with the gastric secretion Also, oftor 6 16 mmutes 
from the taking of food, the pyloric sphmeter relaxes from time to time to 
permit a small amount of ch5une to escape Thus any organisms ingested with 
the food may be exposed to the action of the gastric juice for only 6 mmutes 
In the test meals performed m this experiment, there were fractions, especially 
in the early stages, where there w'as not sufficient free HCl to kill the dysentery 
bacilli 

Thus the bactericidal effect of the gastric jmee appears to depend on the 
presence of a certain concentration of free HCl, varymg even for different strains 
of the same organism More important factors in alJowmg or prev entmg mfection 
by mtestmal pathogens are the position of the organisms m the meal and the 
rate of their passage througli the stomach, os these pomts will determine 
whether the gastric juice has an opportunity to exert its bactericidal effect or not 


Gabrod, L P . 
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A METHOD FOR STAINING BOTH GRAM POSITI\'H 
AND GRAJI NEGATIVE BACTERIA IN SECTIONS 

W S Ollett 

The Wellcennt Physiological ResearcJi Laboratories, Beckenham, Kent 

In our hands the methods so for publtshod for staining both Gram positive 
and Gram negative bacteria in sections have given very unsat isfactorj results 
Sections stained by Glynn’s method (1036) and by Goodpasture s method os 
modified by MacCullum (JIcClung, 1937) showed inadequate staining of the 
bacteria and poor contrast with the background Tlie Gram Pappenheim method 
for Neissena devnsed bj Sandiford (1037) gave fair contrast witli the background. 
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but the staining of the Gram-negative bacteria was faint, and that of the 
Gram-positive bacteria indifferent and patchy. 

We have found that the following modification of the Tworfc method 
(Twort, 1924) is easy to carry out and gives consistently excellent contrast 
between Gram-positive bacteria, Gram-negative bacteria and tissues. The 
light green in Twort’s stain is replaced by fast green F.C.F. to avoid fading. 


IVIethod 

Fix material in 5 per cent, formol-saline, pass through the alcohols and* 
embed in paraffin. 

Cut sections at 3 

Bemove the paraffin in the usual way and bring down to distilled water. 


Gram-Twort stain 

1. Stain in aniline-crystal violet, 3-6 minutes. 

2. Pour off stain and wash quickly in distilled water. 

3. Treat with Gram’s iodine, 3 minutes. 

4. Pour off the iodine, wash quickly in distilled water and blot dry. 

6. Decolourise with 2 per cent, acetic acid in absolute alcohol until no more 
colour comes away : the section should be a dirty straw colour at this stage. 
(This differentiator is much easier to control than aniline -xylol.) 

6. Wash quickly in distilled water, 

7. Counterstain in Twort’s neutral red-fast green stain, diluted 1 part with 
3 parts of distilled water, for 6 minutes. 

8. Wash quickly in distilled water. 

9. Decolourise with 2 per cent, acetic acid-alcohol until no more red stain 
(neutral red) comes away (16-30 seconds). 

10. Clear in xylol and mount in D.P.X. or neutral balsam. 


Results 

Nuclei red ; cytoplasm light green ; red blood corpuscles green ; Gram- 
positive bacteria dark blue ; Gram-negative bacteria pink. 

I wish to thank Dr C. L. Oakley and Dr D. J. Trevan for their constant help 
and advice. 
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ACCIDENTAL ELECTROCUTION: WITH DIRECT 
SHOCK TO THE BRAIN ITSELF 

W. B. Cahnegie Dickson 

From the Pathological Department of the West End Hospital 
for Nervous Diseases^ London 

(Plates XLVII and XLVHI) 

In an annotation on eleotrioal injury in The Lancet of 30th September 
1844, p. 448, the following statement is made. “ It is in the central 
nervous system that severe eleotrio shock makes its most frequent 
manifestation, though the current is said to pass only rarely through 
the brain”. 

In the following case, the area of immediate contact and point 
of entrance of the 240-volt alternating current from the main was 
the right temporal (teraporo-sphenoidal) pole of the brain itself, 
through a trephine opening immediately in front of and slightly above 
the level of the right ear. This opening had been made for a minor 
operation on the trigeminal nerve, and an electrically-lit retractor 
had just been inserted when there was a sudden accidental short- 
circuit in connection with the resistance, the exact nature of which 
was not ascertained. There appeared to be no fault in the diathermy 
apparatus, and it w'as thought that the resistance in the transformer 
might possibly have been momentarily defective. An assistant nurse 
standing between the electric apparatus and the patient also received 
a shock, and, having her hand on the patient, presumably acted as 
the conductor of the current from patient to earth. 

The accident occurred one afternoon at 2.15 p.m. ; the patient 
immediately became unconscious and remained so until 11.30 a.m. 
next day, when both respiration and heart’s action stopped and she 
died after an interval of 21J hours from the time of the accident. 

J. pira. niCT.— Tor. ux 359 2 a 



Plate XLVH 


Pia. 1. — ^Naked-eye photograph of vertical sagittal section through the lesion on the 
under surface of the right temporal pole — the dork haemorrhagic and necrotic 
patches at the centre of the lower margin — showing the radioUy-striated appearance 
of the cortex, described in the text as resembling a section through-the pUs of a 
mushroom. The white matter, except for the elongated cavities immediately 
above the hsemorrhagio patches and the numerous small distended veins (pnnota 
cruenta) elsewhere, appears, to the naked eye, comparatively undamaged. X§. 

Fio. 2. — A similar slightly enlarged naked-eye photograph showing details of the 
disruptive lesion in the grey matter around the sulci in the neor neighbourhood 
of the centre of fig. 1. In the area of white matter at the centre' of the lower 
margin of the photograph, towards the lesion at the right temporal pole, there is 
more marked disruption than elsewhere in the white matter, in most of which it 
could be made out only with the aid of a strong hand-lens. X 1"6. 
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still attached to the specimen On the under aspect of the right 
temporal pole there was a looahsed necrotic destructive lesion, part of 
which had heen cut an ay, evidently for microscopical section, but 
from what remamed of the mtensely damaged tissues it was obvious 
that this local lesion had extended superficially over an area about 
30 mm m diameter The outer and posterior part of this damaged 
area had a dry, eroded, almost worm eaten or finely shattered 
appearance, likened by some writers to a gunshot wound, and it is 
reasonable to suppose that this was the site of entry of the powerful 
eleotno current which caused the patient’s death This was the 
only area of the brain to sustam such an intense degree of damage, 
m the form of an acute necrotic and hmmorrhagic destruction of the 
cerebral cortex Around this area of more intense destruction there 
had spread an extensive and more diffuse finely disruptive type of 
lesion, most evident to the naked eye m the cortical grey matter and 
particularly over the outer portion of the nght temporal lobe It had 
given nse to a curious radially striated appearance (figs 1 and 2), 
11 Inch may be hkened to a section through the gills of a mushroom 
Tlus unusual phenomenon’" I attribute to the sudden freemg throughout 
the moisture contaimng affected tissues of innumerable minute bubbles 
of steam or gas — more probably of both — by the combined thermic 
and electrolytic action of the current Although to the naked eye 
this curious change was apparent only in the grey matter of the cortex 
and basal nuclei, a similar disruptive process but of finer grade had 
also taken place in the white matter This, however, except in the 
immediate neighbourhood of the area of severe destruction, could be 
made out only with the aid of a strong hand lens This fine diffuse 
disruption of bram tissue became progressively less marked towards 
the middle hne, but, on the inner and under aspects of the left 
temporal pole and as far back as the mner and lower aspects of the 
left occipital lobe, there was also distmot naked eye evidence of its 
presence in both grey and white matter It was not detectable, even 
with a hand lens, in the cerebellum, pons or medulla The mner 
aspect of both frontal lobes and the basal nuclei, especially the right 
caudate nucleus, also showed a marked degree of the same destructive 
process 

Commentary 

In the extensive literature of electrical injuries m man, whether 
from the action of hghtmg and industnal currents or of hghtmng, 
except for a senes of cases desenbed by Professor G B Hassm of 
Chicago (1933) I have found no recorded examples of lesions in either 
the grey or white matter of the bram comparable with those in the 
present case 


• 1 aubmitled the photographs of the brain to Profeswora Porcunl Bailoy and 
Ocorgo B Hnssin of Chicago for thoir opinion, both stated that tho lesion nas in 
thoir ovponcnce, unique 
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The most comprehensive and elaborate work on the subject of 
electrical injuries is the book Elektrisclie Verletzxmgen by Stefan 
Jellinek (1932), professor of electropathology in Vienna, who devoted 
over thirty years to their study. This author stresses the fact that 
cerebral and pulmonary oedema are the principal phenomena in fatal 
cases, and that, in deaths from primary electrical injury to the brain 
cerebral oedema, perhaps with a varying amount of hsemorrhage, is 
the chief and essential post-mortem finding. Other important causes 
of death are paralysis of the respiratory centres with stoppage of 
respiration and consequent asphyxia, or in some instances primary 
cardiac or vasomotor failure. Death may also result from the effects 
of electrical bums (“ elektrischer Verbrennungstod ” : Jellinek, loc. cit, 
pp. 51, 225 and 244) brought about, for example, by the intense heat 
of the electric arc. Into the controversy as to the propriety of 
employing the term " electrical burn ” in this connection we need 
not here enter, except to mention that many writers regard it as 
inappropriate in all connotations. In some respects it is more or 
less a matter of terminology, and Jellinek himself uses the term in 
certain connections, though he also stresses the fact that electric 
trauma is fundamentally Icesio sui generis, with a pathology of its 
own : an electric burn is not identical with an ordinary burn. The 
lesion produced by the electric current he prefers to call electrical 


necrosis, and it is usually painless and aseptic. 

As already stated, I have found nothing in the descriptions of 
electrical injuries in the writings of Jellinek and others at aU comparable 
with the findings in the present case. AH writers who deal with the 
histopathology of the electrically damaged brain emphasise the 
degenerative changes produced in the cerebral nerve cells, of all 
grades and of the usual types — chromatolysis, eccentricity and lysis 
of the nucleus, etc. — ^ranging up to complete disintegration and 
disappearance of many of the cells, while others, even in the same 
or in neighbouring areas, are apparently tmaffected. In the present 
case, as already explained, only the ordinary routine paraffin sections 
stained by hmmatoxylin and eosin were available for study, but in 
these it was noted that many of the cortical nerve-ceUs, even when 
situated at the edge of ruptured cavities or dislocated from their 
previous positions, appeared comparatively unaltered in structure. 

The electric current is thought to be conducted most readily a ong 
the blood within the vessels, winch Jellinek describes as often m a 
state of spasmodic contraction, with in places disappearance ° ® 

lumen and sometimes with patchy destruction of their coats, especia y 
the elastic lamina, resulting in haemorrhages. Vasomotor para 3^ 
and distension are seen elsewhere, with dilatation of the cere r 
veins, which are sometimes thrombosed. The most constant c ang , 
however, Jellinek states to be oedema of the brain with, per a , 
varying numbers of petechial and occasionally larger hesmorr a i 
and swelling of the endothelial cells of the capfilaries, many o w 
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are obliterated and destroyed. In the naked-eye slices of this brain, 
except for the numerous small dilated veins (puneta cruenta) in the 
■white matter (fig. 1), and in the few routine mioroscopical sections 
examined, these various changes described by Jellinek were not 
specially noticeable, though they may well have been obscured by 
the extensive disruption which had taken place. 

As a possible explanation of the relatively more marked destructive 
changes in the grey as compared with the white matter, it may be 
suggested that not only is the grey matter softer and more delicate in 
consistence, but also its liquid content is greater (83-85 per cent, as 
compared with only some 70 per cent, in the firmer and more fibrillar 
white matter). There is thus in the grey matter a slightly larger 
amount of liquid available for conversion into steam or gas on the 
sudden application of the intense heat and electrolj’tio action produced 
by the current. 

One of the earliest analogous cases on record is that described by 
Mott and Schuster (1909-10) — that of a man who lived for seven 
hours after recei'ving a powerful electric shock to the back of the 
head, with extensive external “ electric burns ” down to the bone, 
and whoso brain showed only some small htemorrhages in the part of 
the occipital lobe examined. Microscopically, there was said to be 
coagulation necrosis, ■with destruction of nerve-cells and red blood- 
corpuscles, from the action of the current upon their “ osmotic 
membranes ”. No disruptive tearing of the cerebral tissues was 
described, and the small hemorrhages in the brain and elsewhere were 
thought to have been due to “ the effect of the electric shook on 
the blood ”. 

Jellinek (loo. oil., p. 231) classifies the forms of death from electric 
injury as follows : — 

(1) Ezitus momRntane,iis : immediate death, e.g, from lightning. 

(2) Ezitus retardatus : slow death whilst the current is still passing 
and consciousness is not regained. 

(3) Ezitus interruptus : death where the patient had recovered 
consciousness, perhaps only for a few seconds, but dies a few minutes 
later. 

(4) Ezitus dilatus : deferred or delayed death, or, as Jellinek 
prefers to call it, “late-doath” (Spattod), where the victim dies 
suddenly, perhaps half-an-hour or some hours or even days after the 
accident. 

Jellinek does not apply any scientific name to cases in wliich, 
after still further delay, death results from secondary complications, 
and he notes that, in addition to the various factors connected with 
the electric current itself, the previous good health or otherwise of 
the patient may materially influence the period elapsing between the 
time of the accident and the death of the ■victim. The present case 
comes into the 4th of these categories—** ezitus dilatus ** — and to all 
concerned it was a matter of astonishment that the patient lived as 

J. nra. Bin^ToL. m 2 A 2 
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long as 21 J hours after receiving a full shock direct from the main 
and applied directly to the brain itself. 

Since the publication of Jellihek’s book the most authoritative 
descriptions of the lesions occurring in the brain of electrocuted persons 
are in the writings of Dr George B. Hassin (1933, 1937), professor of 
neurology, Chicago. In one of his articles (1933) he describes the 
changes in the brain in a series of electrocuted criminals examined 
immediately after practically instantaneous death, a powerful alter- 
nating current having passed through the body from forehead to feet 
in a series of four shocks, the first and third of 2300 volts, each 
lasting 7 seconds, and second and foiuth of 550 volts, duration 62 
seconds. “ No macroscopic changes, such as manifest hemorrhages 
or softening, were detected in the- meninges, gray or white substance, 
ventricles, choroid plexus or the basilar blood vessels of the brain ”. 

Microscopically, Dr Hassin describes an “ areolar ” appearance of 
the subpial layer, with considerable rarefaction, some tearing of it 
fi-om the “ superimposed pia, and the margins of the separated layers 
appeared ragged and shaggy. . . . Some areas of the brain tissues 
were thin, pale and areolar. They often exhibited small rents, tears 
or cracks, or appeared as narrow slits which were sometimes filled 
with fragments of brain tissue ”. In his commentary (Zoc. dt., 
p. 1056) Hassin says that : “ Of the foregoing changes the most 
outstanding are the tears of the parench 3 rma of the brain and of the 
blood vessel walls ” ; and on p. 1057 he gives it as his opinion that 
“ the changes observed in legal electrocution are due to purely 
mechanical factors ”, similar to those acting in mechanical concussion 
of the brain or cord, the jarring factor being the electric current, 
which he does not regard as acting in virtue of either its heat-producing 
or electrolytic capacity. 

In the present case the widespread disruptive lesions in the brain 
tissue (figs. 3-5) appear to be a greatly exaggerated form of the 
scattered minute microscopic tears and “ fissurations ” described by 
Hassin, but in the present case it is difiScult to imagine them produced 
merely by the mechanical concussing action of the cturent, rather 
than by its heat-producing and electrolytic action, as we have 
suggested above. 

SUMMABY 

1. The naked-eye and microscopical findings in the brain of an 
'accidentally electrocuted woman aged 45 years are described. 

2. A 240-volt alternating current from the main was, owing to a 
short circuit, applied through an electrically-lit retractor directly to 
the right temporal lobe, resulting in immediate tmconsciousness an 

' death after 21|: hours. _ ^ . 

3. The outstanding lesion was a -widespread disruptive proccas m 
both grey and white matter, demonstrated in the illustrations, an 
believed to have been produced by the action of the electric curren 
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m liberating bubbles of steam and gas as a result of tlie intense beat 
and electrolytic action 

4 No description of an extensive cerebral lesion of this nature has 
been found in the hterature of eleetnoal injuries 


EEFERENCES 


Hassin, G B 

1933 


1937 

Jellinee, S 

1932 

SIOIT, F W , AND SCKESTER, E 

1909 


Arch Neurol and Psychmt , xxx, 
1046 

J Nerv and Ment Vis , Ixxxvii 668 
Elektnscho Verletzungen, Leipzig 
10 Proc Boy Soc Med , iii (Path 
Sect ), 140 




576 . 8 . 077 • 35 • 57^ • ^5^ • (Streptococcus agalactice) 

ON THE EFFECT OF THE INTERACTION OF 
STAPHYLOCOCCAL p TOXIN AND GROUP-B 
STREPTOCOCCAL SUBSTANCE ON RED BLOOD 
CORPUSCLES AND ITS USE AS A TEST FOR 
THE IDENTIFICATION OF STREPTOCOCCUS 
AGALACTIA 

E. Mitnoh-Petersen and R. Christie 

From the C.SJ.R.t Division of Animal HcaUk and Production, Animal Health 
Research Laboratorxf, and the Commonwealth Serum Laboratories, Melbourne 

(Plates XLIX and L) 

It is now well established that bovine mastitis is most frequently 
caused by Streptococciis agalacHw, group B LanceBeld. Control 
measures wliicb aim at eradicating this micro-organism from the 
cow’s udder call for its ready detection in milk samples. Short-cut 
diagnostic methods have been suggested for this purpose : the Hotis 
test and direct microscopical examination, for example ; but these 
are presumptive tests and not specific for group-B streptococci. 

The more accurate method of plating millc samples in blood agar 
with or without selective inhibiting substances, followed by serological 
or biochemical testing of the streptococci, is time-consuming. Any 
test which will detect Str. agalaclice quickly and accurately on hlood- 
agar plates is therefore useful. The test here described was developed 
from the observation that all strains of Sir. agalactice, whether 
hcemolytic or non-hEemoIj^ic, produce an agent which can 13^0 sheep 
or ox red cells in tlie presence of staphylococci producing p toxin 
(Christie, Atkins and Munch-Petersen, 1944). The toxin itself gives 
rise to a darkened zone around the colonies on the surface of blood-agar 
plates, and colonies of Str. agalactice growing close enough will cause 
lysis within the darkened zone (fig. 1 ). 

In preliminarj'^ tests this phenomenon appeared onlj" with 64 
strains of Str. agalactice and not at all rvith 72 strains of other strepto- 
cocci. Agreement with these findings has since been recorded in 
tests with 200 strains of group B and 395 strains of other streptococci 
(Munch-Petersen, Christie and Simmons, 1945). 

It was also observed that when blood-agar plates with colonics 
of Sir. agalactia; wore flooded with celi-ffeo staphylococcal p toxin 
extensive zones of htemotysis developed within two hours at 37° C. 
This observation was the basis of the tests to be described, 

J. riTB, DACT.— TOL. UX SCT 
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MATEBIALS AST) METHODS 
The source of micro-organisms 

A total of 660 milk samples was obtained aseptically from individual quartere 
of cows, most of wliich were suffering from acute or subacute mastitis. The 
bacteriological examination included plating of whole milk and of suitable 
dilutions in blood agar ; usually 0-5 nol. of milk was added direct to a tube 
with 12 ml. of melted agar containing 6 per cent, ox or sheep blood; milk 
diluted 1 : 10, 1 : 100 or more in saline was also used to ensure a convenient 
number of isolated colonies and because imdiluted mUk often causes a confusing 
darkening of the medium. The plates were incubated at 37° C., and 
representative colonies were subcultured into serum liroth when they had 
reached a suitable size — usually at 24 or 48 hours ; the streptococci thus 
isolated were tested serologically. 


The medium 

The basic medium was nutrient agar enriched with sheep or ox blood, but 
care was taken to use only blood which contained little or no staphylococcal 
/3 antitoxin. Tests for suitability were carried out by preparing plates, sowing 
on the surface a strain of staphylococcus known to produce jS toxin, and 
incubating at 37° C. overnight. The development of a darkened zone around 
the staphylococcal colonies indicated that the blood was suitable. Such blood 
could be used equally well whether defibrinated, oxalated or citrated. If much 
staphylococcal antitoxin was present the red cells were spun down and washed ; 
they were then used in the plates instead of blood. 

The staphylococcal p toxin 

Staphylococcus S32a (Bryce and Rountree, 1936), which produces ^ to:dn 
only, was grown in nutrient broth containing 0-1 per cent, agar and 
0-1 per cent, glucose and was incubated at 37° C. for three dajrs in an 
atmosphere of 20 per cent, oxygen and 80 per cent, carbon dioxide. The 
medium was then clarified by centrifugation, preserved by the addition of 
0'02 per cent, merthiolate and stored at 4° C. Toxin stored for five years wm 
as suitable as that freshly prepared ; both the toxins used in the tests caused 
complete lysis of sheep red cells in a dilution of 1 : 1600. The toxin was used 
in the plate test either undiluted or diluted with saline ; a dilution of 1 : m 
gave weak but distinct results, but only very weak reactions were obtained 
with a dilution of 1 : 15. 


The plate test 

The plates were marked to show the position of colonies selected for isolation 
and a record was made of any haemolysis. One drop of ^ toxin, usually 
1 : 5, was dropped on or near such colonies. The plates were then left at / ^ 
and readings were made of induced hmmolysis at intervals of 30 minutes for w 
hours. Plates were not allowed to cool appreciably during these exar^o 
otherwise “ hot-cold ” reactions could lead to error. Lysis during t s 
within the area covered by the p .toxin was taken as proof of the _ 

Str. agalactice. The results were then compared with the microscopica appe** 
ance of the organisms on subculture and with their serological reactions. 

Results 

According to the results of the group precipitin reaction on tl 
streptococci isolated, 365 of the 650 milk samples contained 
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Pia 1. — ^Blood ngar plate containing colonie 
of p toxin producing stapliylococci and non 
liffimolytic Sir agalaclice after mcubatioi 
for 48 hours at 37° C. The darkened area 
surrounding the staphylococci have beei 
wholly or partly Ijsed where Sir agaJcichc 
grew sufficiently close A probable ex 
planation of the crescentic areas of lysis i; 
given in the text x 1 


Fio 2 — Crj stal \ lolet blood agar plate 
containing slightly liTmolytic colonies of 
Sir agalacticc, some withm and fiv e clearly 
visible beyond the area covered by the 
stnphjlococcal ^ toxin The margin of 
this area is clearly defined, Ij’sia within 
It has occurred up to 10 mm from each 
streptococcal colony The plate was 
incubated nt 37° C for 48 hovirs and the 
photograph taken one hour after the 
application of tho toxin X 1 











Fin 3 — Blood agar plato with double zone 
h'cmoljtic colonies of Sir agalactia It 
was incubated at 37° C for 24 hours, left 
nt room temperature for 6 hours and ro 
placed nt 37° C for 24 hours, toxin was 
then applied so ns to (ouch three colonics 
nnd tho photograph taken one hour later 
Xl 
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agalactia:. Staphylococcal p toxin applied to the plates which yielded 
these streptococci produced faint but distinct hamolysis around the 
colonies after 30 minutes at 37° C. The lysis was quite definite after 
one hour. Figs. 2, 3 and 4 illustrate some of these results. 

AH strains of Sir. agalactim produced this lysis, whether they were 
themselves weakly hiemolytic (fig. 2), strongly hiemolytic with double 
zones (fig. 3) or non-hiemolytic (fig. 4) ; the phenomenon was observed 
even when the streptococci were growing outside the area covered by 
the staphylococcal p toxin, if the colonies were within 10 mm. of the 
edge (figs. 3 and 4). 

The addition of crystal violet with either sodium azide or thallium 
nitrate or acetate in concentrations recommended for rendering blood 
agar more selective for streptococci did not interfere with the test. 
The presence of other micro-organisms, none of which gave the 
reaction, did not prevent or interfere with the lysis produced by Sir. 
agalactia in the area covered by the staphylococcal p toxin. 

Only two samples of milk gave plates with colonies of P toxin- 
producing staphylococci and Sir. agalaclice. Fig. 1 shows one of these. 
Xeither micro-organism produced hmmolysis alone, but where the 
streptococci were sufficiently close to the darkened zone surrounding 
the staphylococci definite zones of lysis were produced. 

If the streptococcus colony was inside the darkened zone eaused 
by the staphylococcal toxin it was surrounded by a zone of clear 
hicmolysis ; if it was sufficiently far from the outer edge — more than 
10 mm. — ^no interaction resulted. At intermediate distances clear 
lysis developed in the intersecting areas of influence, whose shape 
varied ftom that of a concavo-convex lens to a segment according 
to proximity of the colonies. Possible explanations of this are dis- 
cussed later. 

Plates prepared &om 285 samples did not contain Sir. agalactia, 
although there was growth of other streptococci, micrococci, staphylo- 
cocci and diphtheroid baciUi, either in pure culture or in mixtures. 
Xone of these bacteria gave the reaction with staphylococcal p toxin 
characteristic of gronp-B streptococci. All these plates were left in 
the 37° C. incubator overnight after the toxin was applied, and it 
was then foimd that two gave a weak reaction. Both contained 
non-hEcmolytic viridans streptococci which were not of group B by 
serological tests. Reactions of this kind (false positives) can be 
avoided if the final reading is taken not more than two hours after the 
application of the p toxin. Fig. 6 shows the reaction produced on one 
of these plates after overnight incubation compared with that on a 
plate containing a strain of non-hmmolytio Sir. agalactia, one hour 
after the addition of the toxin. 

In a small series of tests run in parallel with those just described, 
the staphylococcal toxin was incorporated in the medium at the time 
of plating (one or two drops to 12 ml. of agar). In one such test the 
plate containing toxin clearly showed the position of the group B 
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streptococci after overnight incubation at 37“ C., although the 
colonies themselves were hardly visible to the naked eye ; the control 
plate without the toxin, prepared with the same dilution of milk, 
gave barely visible colonies even after 48 hours at 37° C. Fig. 6 
shows these results. However, this method was discontinued, as it 
was necessary to have control plates without toxin in order to 
determine the presence of micro-organisms, other than Sir. agalaclm, 
which produce wide zones of normal hasmolysis. Furthermore, some 
air-borne organisms will give a Ijrtic reaction similar to that produced 
by Str. agalaciicB (Clrristie and Graydon, 1941), and it might not always 
be possible to exclude such contaminants from the samples. 


Discussion 


A study of figs. 1 and 2 would give the impression that the agent 
produced by Str. agalactice does not always lyse in the same manner 
the darkened area caused by the jS toxin on blood agar. This 
apparent variation calls for some comment. 

Consider a colony of toxin-producing staphylococci which is 
developing on a blood-agar plate within 10 mm. of a colony of Sir. 
agalactice. The p toxin is revealed by a darkened zone spreading 
regularly outwards from the colony; the streptococcal agent abo 
spreads regularly but with no obvious alteration to the medium. 
Where the two zones overlap the lysed area appears. Now, the 
nearer the two colonies are the wider the lysed area of interception 
becomes, which might then be expected to take the shape of a true 
plane Ivme ; in point of fact the area is a concavo-convex lenticule 
(fig. 2 — ^widest lysed area). 

When the streptococcal colony is (say) 9-10 mm. outside the 
darkened zone the lysed area is almost a segment. 

When two streptococcal colonies grow (say) 5 mm. from the 
j3-producing staphylococcus colony and (say) 6-6 mm. from one 
another, the lysed area may become half-moon-shaped (fig. !)• 

Possible explanations of this phenomenon are : (1) that t e 
streptococcal agent is being used up as it advances through t e 
darkened zone, perhaps by being adsorbed ; (2) that the red cells (or 
medium) in the darkened zone resist diffusion, or (3) a combina ion 


of both. . , 

When broth containing a 24-hour Str. agolaclicB culture is oi ^ 
to kill the cells and a drop placed on the darkened zone surroun n^ 
a staphylococcal colony so that the centre of the drop is on t e e go 
of this zone, lysis will first appear on the edge, and sh'g t y a 
extend towards the colony. As incubation proceeds, the , 

zone advances through the remainder of the drop and becomes y > 
but not to the same extent as the edge. Possibly the re ^ ce 
undergoing modification by the /S toxin are lysed more „ 

those already modified for some time. Why the ^ toxin 
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Fifj 4 — Blood flgnr plate with nonhvmo 
lytic colonies of Str agalacUce It wa 
incubated nt 37° C for 36 hours one droj 
of toxm was added and tho photogrnpl 
taken ono hour later x 1 


Fio 5 — Composite figure of two blood agar 
plates The right lialf is of a plate contain 
ing non h'emolytic viridans colonies of 
non group B streptococci vhich had been 
incubated nt 37° C for 4S hours Ono half 
(the upper) nas then fiooded with staphylo 
cocenl j8 tOMii tho plate left nt 37° C 
o\ emight and tho photograph tal on Somo 
of tho colonics m the area containing toxin 
simulate shghtlj h'emolytic Sir agalaclicD 
colonies The left half is of a pinto contam 
mg non h'cmoljtic colonies of group B 
streptococci uhieh had been incubated at 
37° C for 48 hours Ono half {the upper) 
was then flooded with toxin and tho 
photograph taken one hour later X 1 


lie G— Composite figure of two blood agn 
plates tho right half is of a plate to whic] 
ono drop of staphylococcal ^ toxin had bee: 
added nt the time of pouring The photo 
graph was taken after incubation at 37° C 
o\ emight Tho positions of the Sti 

ntjaJacticc colonies aro clearly indicated b' 
tho presence of tho Jised arca% nlthoitg] 
they are not themsehes MSible Tho lof 
half IS of a control plato w ithout tho toxin 
incubation was for 48 hours nt 37° C bu 
colonies aro not yet visible x 1 
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through medium u-ith red cells akeady acted on by the streptococcal 
agent should not also lyse them completely is not clear. It is paralleled, 
however, by test-tube experiments with washed red cells, jS toxin and 
streptococcal agent. 

In a preliminary series of experiments it was found that the 
addition to blood agar of cholesterol or washed lysed red cells produced 
by freezing and thawing did not interfere with or modify the reactions 
described. 

StraniAKY 

A test is described for identifying colonies of Streptococcus agalactice 
on agar plates containing sheep or ox blood by the addition of 
staphylococcal p toxin. In less than two horn's at 37° C. such colonies 
will lyse the red cells to a distance of 10 mm. ■within the area covered 
by the toxin. 

Thanks are duo to Drs. L. B. Bull and A. W. Turner for helpful criticism 
and advice, to Miss M. Monsbourgh for the serological typing of the streptococci, 
to tir H. A. Beddome for technical assistance, and to Mr N, E. Southern for 
the photographs. 
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COAGULASE-POSITIVE STAPHYLOCOCCI 
RESISTAJSfT TO PENICILLIN 

Maby Babber 

From, the. Department of Bacteriology^ British Postgraduate 
Medical School^ London 

(PliATE lil) 

ScHKiTZER et al. ( 1943 ) divided pemciilin^resistant staphylococci into 
three types : naturally resistant organisms, those which have acquired 
resistance through contact with penicillin, and small-colony variants 
or G forms which have a non-specific resistance to various compounds. 
Some workers (see Spink et al , 1945 ) further subdivide the second 
group according to whether the organisms have acquired resistance 
in vitro as a resit of serial subculture in penicillm or in vivo as a result 
of peniciUm treatment. The present paper is concerned mainly with 
naturally resistant organisms. 

Isolation of resistant strains 

Colonies from all plates yielding coagulaso positive staphylococci m the routmo 
laboratory durmg tho period of mvestigation ■were tested for penicilJm sensitivity 
by the ditcli-plate method. Tho concentration of penicillin in the pemciUm agar 
was 10 units per ml. Nearly always two and sometimes more colomes wore picked 
from each plate and stroaked on to a pemciUm ditch plate, either directly or after 
overmght culture m broth. No stram wag regarded as resistant unless it grew 
almost to the junction of the pemciUm ngar and plam agar or further. In 
fact mmor degrees of resistance were unusual, most orgamsms appearmg to 
be either frankly resistant or as sensitive m tho Oxford staphylococcus, which 
was mcludod on every plate Fig. 1 shows a typical result, one stram bemg 
franlJy resistant On this plato one stram also appears to be slightly more 
resistant than the other four, but it was classified as sensitive. 

Coagulase positive staphylococci were isolated from 200 patients and 
sometimes from se\ eral specimens from the same patient. Table I summarises 
the results In tho first series aU organisms were also tested for sulphathiazole 
sensitivity by tho method of Harper and Cawston (1946). In aU, 25 pemciUm- 
resistttnt strains were isolated from 200 patients, in 6 cases penicillm resistant 
and penicillm sensitive organisms wero isolated from the same patient and m 4 
from tho same specimen, iii many otlier coses pemciUm resistant staphylococci 
were isolated from a number of specimens from different sources from the 
samo patient. It will be seen that 6 of the 25 patients with pemciilm resistant 
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staphylococci had been given peniciUin before the specimen vas taken ; only 
2 of these had received a full course of treatment. 

Table I 


Incidence of penicillin-resistant Staph, aureus a7nonff 200 patients 


Description of StapTi. aureue strain 

No. of patients j 

Series I 

Series n 

Toh)! ! 

1 

■ 

Coagulase-positive ...... 

100 

100 

1 

200 ! 

Penicillin-resistant ...... 

15 

10 

25 ( 

Sulphatliiazolo-resistant -f ... . 

11 


) 

PenieilUn- and sulphathiazole-resistant 

6 


... j 


• Tlirce patients of Ecties I and two of series II had been siven pcnicilJin before the swab was taien 
t Ten patients had been given sulphathiazole before the swab was taken. 


Source of penicillin-resistant strains 
Table H gives the primary source of isolation of each resistant strain. 

Table H 

Frimary source of penicillin-resistant strains 


Source 

No. of strains 

Pyogeruo infections 

5 

Conjxmotivitia 

3 

Urine ..... 

4 

Lactoting breasts . 

4 

Vagina .... 

4 

Nose ..... 

3 

Skin 

1 

Air ..... 

1 

Total 

25 


Pyogenic infections. Case 1 was one of carcinoma of the larynx. A penicillia- 
resistant Staph, aureus was isolated from an infected tracheotomy wound w 
association with a Lancefield group-A Iiiemolytio streptococcus. The 
contained a penicillin-sensitive staphylococcus, also in association with Stn 
pyogenes. Case 2 was one of bronchiectasis. A penicillin-resistant Stefs- 
aureus was isolated in association with a Lancefield group-A hiemolytic strepto- 
coccus from the sputum in life and from the bronchi and a thrombus of one o 
the neck veins post mortem. This patient had had a full course of penicii in 
treatment before any specimens were taken. In case 3 there was os ei is 
following a fractured tibia and fibula. A specimen of pus" gave a tnixtvito o 
penicUlin-sensitive and penicillin-resistant Staph, aureus, Str. 

Proteus. The cocci were isolated only after treating a broth emulsion o 
original plate with ether and replating (see Pearce, 1946). Case 4 was one 
oervical abscess in a chUd, whose pus gave a pure growth of ponioillin-rcsis o 
staphylococci. PenicUIm treatment (10,000 units 3-hourly) had been s 
three days before the specimen was taken. Case 5 was^ one of 

media in a child. A penicUlin-resistant^/apli.oumas was isolated from o 
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and from a stomach washout. The ear swabs also grew Str. pyogenes. A course 
of peiuciUm was started four days before any of the specunens were taken. 
The Str. pyogenes strains from all five cases were pemcillm sensitive. 

Conjunctivitis. The three cases of conjunctivitis were all m babies and 
in every case swabs gave a pure growth of a pemcillm resistant Staph, aureus. 
One of the throe babies had had pemcillm eyedrops at birth. 

Patients in uhom primary isolation was from the unne Two had mixed 
urmary infections Case 3 ^as one of nepliritis Pemcillm resistant Staph, 
aureus. Staph, albus, Str. fcecalis and diphtheroids were isolated from a non- 
catheter specimen of urme. Sir. pneumonia:, Str. viridans, H. influenza:, neissen® 
and a few colonies of a pemcillm resistant Staph aureus were isolated from the 
sputum A nasal swab gave a heavy growth of Staph aureus, some of which 
were penicillm-resistant while others were as sensitive as the Oxford staphylo- 
coccus Case 4 was a puerperal patient. A heavy growth of penicillin resistant 
Staph, aureus was obtamed from both the urine and a vagmal swab. 

Patients in whom primary isolation was from the vagina. Two puerperal 
cases gave a mixed growth from the vagma, mcludmg pemcillm resistant Staph, 
aureus. Case 3 was one of tox'emia of pregnancy and nephritis from whom 
pemcillm resistant Staph, aureus was isolated from the vagina and pemcillm- 
sensitivo Staph aureus from the nose. Case 4 was one of vulvo vagmitia m a 
child. A vagmal swab was overgroivn with Proteus, but after other treatment 
and re platmg pemcillm resistant and penicillin sensitive Staph aureus and 
Str. viruZaivs were isolated. This child had had two courses of intramuscular 
pemcillm, the first of 4 and the second of 15 dajs before a swab was taken. 

Patients %n whom primary isolation uas from the lactating breast Case 1 
gave a heavy groirth of pemcillm resistant Staph aureus from milk from both 
breasts. Prom ca«Q 2 pemcillm resistant Staph, aureus was isolated from both 
nipples, from a swab taken from an infected Ciesarean wound and from a vaginal 
swab Case 3 gave a growth of pemcUUn resistant Staph, aureus from a cracked 
nipple. From case 4 a mixture of pemciUin-resistant and pemcillm sensitive 
Staph, aureus was isolated from the milk of one breast and pemcillm sensitive 
Staph, aureus only from the milk of the other breast. 

Nose. Patients m whom primary isolation was from the nose all gave heavy 
growths of penicillm-resistant Staph aureus. 

Study of penicillin-resistant strains 

All strains found resistant to peniciUm on ditch plates were 
re-tested by the serial-dilution method in broth. The inoculum was 
1 drop of a 1 : 100 dilution of an 18-24-hour broth culture — 
approximately 50,000 viable organisms. The results with this moculum 
are shotvn m table III 

If the inoculum is altered the results are quite different — an 
observation in stnking contrast to the surprisingly constant results 
irrespective of inoculum size with penicillin-sensitive staphylococci. 
The effect of inoculum size is showm in table IV. The inocula used 
were tuo drops each of 0*02 ml of 18-hour culture, undiluted for the 
large inoculum and diluted 1 : 10,000 for the small inoculum. The 
number of bacteria was determined by the rapid viable-count method 
of Miles and Jlisra (1938), It will be seen that ^vith the penicillin- 

sensitive staphylococci — S G. 9727-3 and the Oxford staphylococcus 

the results were the same whether the inoculum was many million 
or less than 1000 bacteria. In contrast to this, with the resistant 
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strains S.T. 13 and S.G. 9727-1, an inoculum of 13-15 million organisms 
grew in 200 units per ml. of penicillin, whereas when the inoculum 
was less than 1000 the maximum concentration of penicillin permitting 
growth was 0-25 unit per ml. The two strains of B. subtilis recom- 


Table in 

Degree of penicillin resistance with an inoculum of 1 drop of a 1 ; 100 diltilion 
of an 18-24-/iOMr broth culture (about 50,000 viable organism) 


Xo. of times more 
resistant than the 
Oxford Etaphylococens 

Xo. of strains 

X64 

1 

X32 

6 

Xl6 

10 

X8 

7 

X4 

1 

Total . 

25 


Tabije IV 


Influence of inoculum size in penicillin-sensitivity tests with penicillin- 
sensitive and penicillin-resistant organisms 



Maximuin concentration of penicillin (u/ml.) pennittins 
growth in 24 hrs. 

Ctilture 

Large inoculum 

Small inoculum 


Inoculum 

Penicillin 

concentration 

Inoculum 

PcnlcIlllQ 

concentration 

Staph. ST 13 . 

13 million 

200 -t- 



Staph. SG 9727-1 

15 „ 

200 -f 



Staph. SG 9727-3 

9 „ 

003 



Oxford Staph. . 

12-8 ,. 

0-03 



B. subtilis 6276 

600,000 

50 

■ii 


B. subtilis 6346 

2 million 

10 

200 



mended by Duthie (1944) for penicillinase production were included 
in the experiment and showed the same phenomenon as the penicilhn- 
resistant staphylococci. Strain 6276 appeared to be more sensitne 
to penicillin than the Oxford staphylococcus when an inoculum o 
420 organisms was used, whereas an inoculum of 600,000 bacteria 
grew in 50 units per ml. of penicillin. In another experiment t e 
large inocula were prepared from thrice-washed bacterial cells re 
suspended in a quantity of broth equal to the original volume. c 

results were the same. _ -of 

All the resistant strains and 12 penicillin-sensitive strams 
staphylococci were tested for their capacity to destroy penici 
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The preliminaiy test to determine simply presence or absence of 
penicillinase was carried out as follows. Equal quantities of bacterial 
culture and 4 units per ml. of penicillin were mixed, giving a final 
concentration of 2 units per ml. of penicillin ; each mixture was then 
tested for penicillin content by the cylinder-plate method, using 
the technique described by Hayes (1945). Controls were put up 
consisting of broth and penicillin only. All 12 sensitive strains mixed 
with penicillin gave an average diameter of inliibition approximately 
equal to that of the control. All the 26 resistant strains destroyed 
the penicillin, so that a circle of inhibition was completely absent. 
Eig. 2 shows a typical result when 2 resistant and 3 sensitive strains 
were tested. Eig. 3 shows the comparative results of a resistant 
strain of Staph, aureus (1), Salm. typJii (2), Bad. coli (3), the Oxford 
staphylococcus (4), and an uninoculated control (6). The cylinders 
have been removed in order to show that the two penicillin-destroying 
cultures and Salm. iyphi have grown at the bottom of the cylinders, 
Eig. 4 shows two of the present series of in-vivo penicillin-resistant 
strains ot Staph, aureus (1 and 2), an in-vitro acquired resistant culture 
of the Oxford staphylococcus (3), an ordinary culture of the Oxford 
staphylococcus (4) and on uninoculated control. Tliis demonstrates 
the difibronce between in-vitro acquired resistance and natural 
resistance. All 3 cultures have grown, but the natural resistors hove 
destroyed the penicillin, while the acquired resistant strain has not 
affected it. 

Eurther tests for penicillinase production were carried out on the 
in-vivo-resistant organisms. Mixtures were made so that the final 
concentration of organisms was 6 per cent, and of penicillin 10, 6, 2 
and 1 unit per ml. Those were tested immediately and after 24 hours’ 
incubation at 37° C. When the tests were put up immediately all 
the resistant strains had destroyed at least half the penicillin. After 
24 hours’ incubation so much penicillin had been destroyed that the 
tubes uith 10 units per ml. gave no area of inhibition. In fact most 
strains were able to destroy considerably more penicillin than this. 
There was growth at the bottom of the cup with all strains even when 
the penicillin had not been destroyed. Eig. 5 shows an experiment 
in which strain S.T. 13 was mixed as above with penicillin of final 
concentration 20 (1), 10 (2), 6 (3), and 2 (4) units per ml. ; 5 is an 
uninoculated control of two units per ml. of penicillin. It will be 
seen that there was groivth at the bottom of all the cups (wliioh had 
been removed) except the control. 

All the resistant strains were tested against sulphathiazolo by the 
method of Harper and Cawston and against streptomycin on ditch 
ifiatcs. Seven were so resistant to sulphatliiazole that they grew 
readily in a concentration of 1 ; 20,000 or more ; the other 18 were 
completely inhibited by 1 : 60,000 or less. All showed a sensitivity 
to streptomycin approximately equal to that of the Oxford 
staphylococcus. 


PliATE LI 

Fio. 1. — Penicillin-sensitivity test showing 6 sensitive strains of Slaph. aiircw and 1 
resistant strain. 

Figs. 2-4. — Tests for penicillinase production : 4 u/ml. of penicillin mixed with equal 
quantities of broth cultures or plain broth (final concentration of penicillin = 2 
u/ml.). 

■ Fig. 2. — 1 and 5, penicillin-resistant staphylococci ; 2, 3, and 4, penicillin- 
sensitive staphylococci. 

Fio. 3. — 1, penicillin-resistant staphylococcus; 2, Salm. typhi; 3, Bad. colt; 
4 Oxford staphylococcus ; 5, broth. 

Fio. 4. — 1 and 2, in-vivo penicillin-resistant staphylococci ; 3, induced penicillin- 
resistant strain of Oxford staphylococcus ; 4, Oxford staphylococcus ; 5, broth. 

Fio. 6. — strain of penicillin-resistant staphylococcus mixed with 20 (1), 10 (2) 
6 (3) and 2 (4) u/ml. penicillin : 5 is a broth control containing a final concentration 
of 2 u/ml. of penicillin. 
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If penicillin-resistant and penicillin-sensitive strains were isolated 
from the game patient, cultures were sent to Dr V. D. Allison and 
Dr Betty Hobbs, who kindly typed them for me. The results are 
shown in table VI. It will be seen that, except in the case of patient 


Table VI 

Typing of penicillin-resistant and penieillin-sensitive strains of 
staphylococci from the same patient 


Patient no. 

Specimen 

Colony no. 

Jlcaction to 
pcnlcilUn 

Phage 

reaction 

Serological 

reaction 

1 

Pus swab 8037 

1 

Resistant 

3A 

8 


„ 8038 

1 

Sensitive 

N.T. 

m 

4 

„ .. 8210 

1 

Resistant 

N.T. 

n/4 


„ „ 8210 

2 

Sensitive 

42C 

7211/3537 


M „ 8210 

3 

Resistant 

N.T. 

n/4 

on 

Nose swab 


Sensitive 

6/47 

III 



2 

Resistant 

6/47 

10667 


Sputum 2721 

1 

» 

6/47 

10667 

47 

Vaginal swab 9727 

1 

Resistant 

N.T. 

3537/B83 


M .. Q727 

3 

Sensitive 

N.T. 

7211 

111 

Breast milk 692 

1 

Resistant 

6/47 

III 


„ 603 

1 . 

Sensitive 

42E 

10IS3 

180 

Vaginal swob 9853 

X 

Resistant 

6/47 

nr 


Tliroat swob 161 

1 

Sensitive 

N.T. 

24n/B83 


N.T. « not typable. 


22, from whom resistant and sensitive strains showed an identical phage 
reaction and a closely related serological reaction, the resistant and 
sensitive strains isolated from the same patient were of different types. 

Discussion 

Pleming (1942) encountered occasional strains of staphylococci 
which “ were almost insensitive ” to penicillin, although he found that 
the majority were about equally sensitive. Since then a number of 
authors have isolated penicillin-resistant strains of staphylococci from 
many sources. Table VII gives the number of penicillin-resistant 
strains of coagulase-positive staphylococci isolated by various authors 
before and after treatment with penicillin. Fleming (1942) and Hobby 
ct al. (1942) give no details. Rammelkamp and Maxon (1942) used a 
small inoculum — 1000-30,000 organisms — ^for their tests and thus found 
that the 2 resistant strains isolated before the onset of treatment 
were killed by 0-17 and 0-35 units per ml., and the 4 isolated after 
treatment had begun were killed by from 0-35 to 2-85 units per ml. 
Kirby (1944) described the production of penicillinase by 7 “ naturally ” 
penicillin-resistant strains of Staph, aureus. He also tested 7 
penicillin-sensitive strains but found they had no penicillinase 
activity. Anderson et al. (1944) studied cultures of Staph, aureus 
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isolated from 32 cases of chronic osteomyelitis. They used (ho 
teclmique described by Rammellvamp and Maxon for penicillin- 
sensitivity tests, and therefore a small inocidum, so that of the 8 

Table 


No. of penicilUn-rcsistant strains of coagulase-positive staphylocoeci 
isolated by various authors before and after treatment with penicillin 


Author 

nafe 

Coagulase-positive staphylococci resistant to penicillin 

Before penicillin treatment 


Jfo. tested 

Xo. resistant 

Xo. tested 

Xo. resUtant 

Fleming 

1942 

? 

Occasional 



Hobby et al. . 

1942 


2 



Rammolknmp and Maxon 

1942 

29 

2 slightlv 

14 

4 

Kirby .... 

1944 


7 

... 


Anderson et al. 

1944 

32 

8 slightlv 

19 

5 

Spink ct al. . 

1944n 

68 

8 

? 

1 

)« ... 

1945 





Bondi and Dietz . 

1945 

66 

12 



Gots .... 

1945 

? 

57 

A** 


Gallardo 

1945 

85 

11 

? 

8 

Harley 

1946 

? 

134 

? 

9-4 per cent. 


resistant strains isolated before treatment 7 were inhibited by 0-17 
and 1 by 0-35 unit per ml. of penicillin. After treatment 5 more 
strains were found to be penicillin-resistant and these strains were 
inhibited only by a concentration of 5-7 units per ml. or more. This 
was considered to be an acquired penicillin resistance, but it appeared 
to be unrelated to penicillin dosage. No correlation was noted 
between results of therapy and the initial variation in penicillin 
sensitivity, but the resistant strains occurring after treatment had 
started were regarded as the major cause of penicillin failures. Spinh, 
Ferris and Vivino (194:4a) studied 68 strains of coagulase-positive 
staphylococci isolated from patients who had had no penicillin 
treatment. Their usual inoculum for sensitivity tests was small 
(100,000-300,000 bacteria) and with this they found that the 8 
resistant strains were inhibited by 0'4-0-8 units per ml. They showed, 
however, that the size of inoculum greatly affected the results an 
2 strains tested with a large inoculum grew in 6 imits per ml. o 
penicillin, which was the highest concentration used. They 
tested for sidphathiazole sensitivity and found that 19 of the 
strains were sulphathiazole resistant, but only one of these was a 'o 
peniciUin-Tesistant. Spink, Hall and Ferris (1945) discusse 
clinical significance of natural and acquired penicillin resistance m 
staphylococci. In spite of having shown that a large inoculum o 
naturally resistant strain will grow in at least 5 units^ per m • o 
penicillin, they state that the “ sensitivity test as used in this la 
has failed to reveal a strain of staphylococcus not previously e.xp - 
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to penioaiin that was not inliibited by 1 unit of penioUlin per cubic 
centimeter of medium, and well over 100 strains have been tested 
On tills evidence they conclude that naturally penicUbn-resistant 
strains of Siaph. aureus are not likely to be a serious cause of failure 
in penicillin therapy. These authors also contrast cultures which 
have acquired resistance to penicillin in vitro rv'ith naturally resistant 
organisms and those which have developed resistance in vivo. Spinlc, 
Ferris and Vivino (19446) trained 4 penicillin-sensitive strains of Staph, 
aureus to grow in from 4 to 60 units per ml. These strains with 
acquired resistance were found to show the morphological and cultural 
changes described hy other workers and were more susceptible to 
the bactericidal action of human blood. They did not produce 
penicillinase. In contrast, naturally penicillin-resistant organisms and 
resistant bacteria ocomring in vivo after penicillin treatment show none 
of these changes and ali produce penicillinase. Bondi and Dietz (1945) 
found that 12 of 66 atraius of Staph, aureus isolated from various 
sources were penicillin-resistant. They were all penicillinase producers 
and this was regarded as the cause of their resistance. Gets (1945) 
studied 67 strains of Staph, aureus which needed 1 unit per ml. of 
penicillin for inhibition and found that aU destroyed penicillin, 
whereas of 42 sensitive strains none produced a penicillin inactivator. 
Like Bondi and Dietz he regarded the production of penicillinase as 
the cause of the resistance. Gots also considered that there was a 
difference between resistance acquired in vitro and in vivo “ inasmuch 
as wo have yet to encounter a resistant strain, isolated directly from 
an infected process, which is incapable of producing an inactivator ”. 
Gallardo (1946) isolated 86 strains of Staph, aureus, of which 11 were 
penicillin-resistant before treatment ; 8 more were found to be 

sensitive before treatment hut resistant after. He gives no details. 
Harley et al. (1946), studying war wounds in India, isolated a large 
number of penicillin-resistant Staph, aureus, and the incidence was 
much liigher among penicillin-treated patients than among those who 
had not been treated with penicillin. In a group of 43 cases with late 
infected compound fractures admitted to the base hospital before 
penicillin treatment in the forward areas, 9-4 per cent, of the Staph, 
pyogenes strains isolated were resistant to penicillin'. Of Staph, 
pyogenes strains in wounds with hospital infection 30 per cent, 
were penicillin-resistant. Tlio degree of penioUlin resistance varied 
enormously, ranging from strains twice ns resistant as the Oxford 
staphylococcus to strains 12,000 times as resistant. One strain was 
claimed to have increased its resistance more than 40 times in 6 days’ 
treatment. The technique for testing resistance was the serial- 
dilution method, bxit the size of inoculum is not stated ; perhaps 
it varied. Any strain was regarded as resistant if it was not inluhited 
bj' 0'04 unit per ml. of penicillin. 
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COKCLUSIOKS 

Three questions arc disput-ed in the literature. First, what is the 
degree of penicillin resistance of the resistant strains and is it enough 
to be a serious menace to treatment 1 It is clear, I think, from mv 
results that the degree of penicillin resistance recorded in the laboratory 
depends on the size of the inoculum used for the test of resistance. 
With the same organism a difference of more than 800-fold was 
obtained hy varying the inoculum. This has also been shown hy 
Luria (1946). As to treatment, it is obvious that a heavy infection 
until one of these resistant staphylococci -would be difficult if not 
impossible to treat with penicillin. 

Second, is the penicillin resistance of these naturally resistant 
strains solely the result of their capacity to destroy penicillin ? The 
experiments presented in table IV and fig. 5 make it clear that these 
organisms have a residual resistance to penicillin apart from their 
capacity to destroy it. 

Third, do staphylococci readily acquire resistance to penicillin 
in vivo during treatment and if so does this type of acquired resistance 
differ from resistance acquired in vitro ? FeniciUin-resistant staphylo- 
cocci are certainly more common in penicillin-treated than in untreated 
cases, but it does not follow that this results from originally sensitive 
strains developing resistance. From a number of patients I isolated 
both penicillin-resistant and penicillin-sensitive strains of Slaph. 
aureus, sometimes from the same swab. Therefore, unless many 
colonies are tested on each occasion, it cannot be accepted that a strain 
of 8taph. aureus has developed penicillin resistance during treatment. 
ItlcKee and Houck (1943) passaged a single strain of Staph. atirciM 
through mice treated with penicillin and after 20 such passages no 
increase in resistance could he demonstrated. Further work along 
these lines is needed, but this one experiment suggests that 
staphylococci do not readily acquire resistance to penicillin in niro. 
In human infection udth Staph, aureus, the original infection may he 
due to more than one strain, and reinfection with a further sltam 
is also possible. It is at least possible, therefore, that an increase 
in penicillin-resistant staphylococci after penicillin treatment may no 
depend on acquired resistance, but may be the result of a process o 
selection — ^naturally sensitive bacteria being quicldy destroyed an 
resistant organisms survi-ving. .. 

Further evidence in support of this suggestion has become arai a^^^ 
since the work here described -was completed. A 
carcinoma of the lung had sputum hea-vily infected wit i 
atLreus. From a specimen examined soon after admission 31 
were -tested for their reaction to penicillin hy the ditch-plate 
All had. a sensiti-vity approximately equal to that ^ ° -(g 

staphylococcus. Twelve days after penicillin treatment (3 , 
3-hourly) had been begun a second specimen of sputum vr 



PENICILLIN-BESISTANT STAPHYLOCOCCI 


383 


vestigatcd. Chiltivation again yielded a heavy growth of Staph, 
aureus ; 30 colonies were tested against penicillin and all were found 
to be highly resistant. Subcultures of 2 colonies from each specimen 
were sent to Br V. D. Allison and Dr Betty Hobbs for typing. They 
found that both cultures from specimen 1 gave a phage reaction 29/62 
and were serologically type I» whereas both cultures from specimen 2 
gave no phage reaction and wore serologically type III/5. 

SUSIMABY 

1. Out of 200 patients 3delding cultures of coagulase-positive 
Staphylococcus aureus^ peniciliin-resistant strains were isolated from 25. 
In G cases the same patient and in 4 cases the same swab yielded 
both resistant and sensitive strains. 

2. The degree of resistance as measured in vitro was shown to vary 
more than 800-fold according to the size of inoculum used. 

3. All resistant strains produced a penicillin inactivator. 

4. It was impossible to differentiate between resistant and 
sensitive strains on grounds of morphology, cultural appearances, 
biochemical reactions or pathogenicity to rabbits. 

5. Resistant and sensitive strains isolated from the same patient 
were usually of different types. 

My thanlcs aro duo to Dr V. D. Allison and Dr Betty Hobbs for typing 
many of the cultures. 
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INCLUSION BODIES (PROTOZOON-LIKE CELLS) 
IN THE ORGANS OE INFANTS 

D. F. Cappell and Mabjory N MoFarlane 

From the Pathology Departments of the University and Western Injlrmaryt 
Glasgow, and Royal Infirmary, Dundee 

(Plates LII-LIV) 

In the examination of the organs of two infants dead from hsemol3'iic 
disease of the newborn we observed in many tissues giant cells with 
cytoplasmic and intranuclear inclusion bodies. 

The appearances are identical with those which Ribbert (1904) stated ho 
had first observed in 1881 m the ludneys of a stillborn luetic infant and later 
in the parotid glands of two non syphilitic infants aged one year and tlireo 
months respectively, Ribbert’s publication was prompted by that of Jeaionek 
and Kiolemenoglou who, earlier in 1904, had described “ protozoon cells ” m 
the Ividneya, lungs and liver of an eight montlis syphilitic fcotus They failed 
to trace any transition between the largo colls and adjacent tissue colls and 
regarded the whole of the abnormal elements as protozoon parasites. LOwenstem 
(1907) observed similar bodies m the parotid glands of four out of thirty mfanta 
between two and ten montlis of age Since then similor bodies have boon 
described in various other sites and m association with diseases other than 
syphilis by Jlouchet (1911) m the bile duct epithelium, by Pettavel (1911) m 
the thyroid of an infant dying of purpura at ten days of age, and by Smith 
and Weidman m the kidneys of a stillborn infant (1910 1 1) and m the limgs of a 
child dead of pneumonia (1914). In 1922 Jaclcson recorded “ protozoa ** in the 
organs of an mfant and emphasised their strikmg similarity to those she had 
observed (1920) in the salivary glands of gumea pigs. Up to this tune all 
authors were agreed m regarding the abnormal bodies as some form of protozoan 
parasite, except Pi8an6 (1910), who thought they wore “ embryomc ” epithelial 
colls Goodpasture and Talbot (1921) obsorvod similar cells in tho lungs, 
ludnoye and other organs of a child dymg at two months of age with broncho- 
pneumonia This infant, the fourth m tho family, was markedly nnajmic from 
birth. Tho mother stated that the second and third children had died at about 
tlireo months of a sunilar condition. Goodpasturo and Talbot traced the origin 
of the protozoon like cells to altered tissue cells and drew attention to their 
marked resemblance to the affected cells in salivary gland disease of guinea pigs 
(JacliSon, 1920), which also they regarded as altered opithohal cells. They 
recalled that Tyzzor (1906 06) had described intranuclear acidophilic bodies in 
\aricolla 

Further observations were made on such cells by de Lange (1922) m the renal 
epithelium of an eight day old child, possibly syphihtio, ond by lluller (1922) 
m three children, ono stiUbom with ** nepliritis ”, one eight weol^ old with 
hydrocoplmhis and ono two months old, “syphilitic ”. 
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lira M.’s serum did not agglutinate the affected child’s cells, nor 
any of the cells in a known panel of all the Kh types. Subsequently 
the husband’s cells were found not to be agglutinated. Mrs M- s 
parents wore both of group O, the father being homozygous Rh- 
positive, genotype RiRj (CDe/cDE), while her mother was Bh- 
negative (cde/cde). In spite of tliis she hod a family of four, of whom 
Mrs M. was the youngest and without evidence of hEemolytio disease 
— a finding possibly significant in view of the current belief that the 
capacity to undergo ready iso-immunisation may itself bo inherited 
(Cappoll, 1940 ; Wiener, 1040). 

Later, when the delicate Coombs test for the detection of sensitisa- 
tion of red cells by " incomplete ” antibodies became available, it 
was applied to a variety of cells treated with Mrs M.’s serum, but no 
evidence of sensitisation was detected, either in a sample of the serum 
preserv'cd frozen or in fresh samples. There is therefore no evidence 
that the hajmolytic disease and erytluroblastosis present in this case 
were due to maternal iso-immunisation. 

Post-mortem examination 

A premature male infant, deeply jaundiced, with very numerous 
peteohiiE in the skin and largo ecchymoses over the lumbar region. 
The heart weighed 15 g. A small amount of deeply jaundiced fluid 
was present in the pericardial sac. Small petechial hajmorrhages 
round the A.V. ring. Thymus 4 g. ; a few superficial petechia;. The 
peritoneal cavity contained a small quantity of deeply bile-stained 
fluid which gave a positive direct Hijmens van den Bergh reaction 
and contained 4 mg. of biUrubin per 100 c.c. Liver 130 g. ; soft 
and flabby and easily wrinldcd ; green necrotic appearance on section ; 
no atresia of bile ducts. Spleen 62 g. ; much enlarged, dark red 
and turgid. Kidneys (together 32 g.) bile-stained ; pelves contained 
some dark brown urine. Suprarenale (together 4 g.). Pancreas 
normal. The dura mater on the base of the skidl was stained bright 
yellow. No kemicterus ; no cerebral htemorrhage. 


Histology 

The liver shows severe patchy cytolytic necrosis, with stasis and 
formation of bile thrombi. Surprisingly little iron is demonstrable, 
Hmmopoiesis is very abundant in the sinusoids, with large masses 
of primitive cells and nucleated red cells separating the degenerate 
liver cells. Large cells uith inclusion bodies are present in the 
epithelium of the small bile-ducts, less conspicuously in the large 
duets : none is observed in the hepatic epithelium. The spleen shows 
marked congestion and extra-medullary htemopoiesis. The pancreas 
contains an increased proportion of islet tissue and small foci of 
luemopoiesis. Numerous cells both in the acini and islets show 
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intranuclear inclusion bodies and more rarely also cji;oplasmio 
inclusions. In the kings numerous subpleural, interstitial and intra- 
alveolar haemorrhages are present, there is haemopoiesis in the inter- 
stitial tissue and solitary large cells udth inclusion bodies are seen 
attached to the alveolar waUs and l5dng free in the alveoli. Large 
clusters of staphjdococci are present in the bronchioles. The lliymm 
shows foci of haemopoiesis. In the kidneys the main site of occurrence 
of the bodies is the tubular epithelium, especially of the convoluted 
tubules, the lining cells of which are grossly enlarged. The tubular 
lumina are also dilated, so that the affected tubules are conspicuous 
even at low magnifications. The interstitial tissue shows patchy 
hmmopoiesis and foci of lymphocydiic infiltration, especially at the 
boundary zone. Many of the glomeruli are damaged by sclerosis and 
periglomerular whorling. 


Subsequent history 

After all the above investigations had been completed we learned that 
JITS M. was again pregnant. Her blood was examined and no evidence of 
iso-immunisation against the husband’s cells was found at any time. After o 
normal gestation and labour the 4th infant was bom alive and well ; its blood 
was examined immediately and foimd to be group O, Rh-positive, genotype 
RoT, with no ewdence of erythroblastremia.* This finding supports the hypo- 
thesis that the aetiology of the haemolytic disease in the previous child may have 
been quite unconnected with maternal iso-immtmisation. 


Case II 
Glinical history 

A primipara aet. 22 was delivered of a premature jaimdiced infant {3S 
weeks) who developed generalised purpura and intracranial hsemorrhago from 
which he died 16 hours later. No investigations were made on the infant 
during life, and a sample of blood for grouping was not obtained. 


Post-mortem examination 

This revealed widespread petechial hsemorrhages and massive 
bleeding into the lungs and intracraniaUy. Microscopic examination 
showed erythroblastosis of the liver, spleen, lungs and kidney’s an 
intranuclear and cytoplasmic inclusion bodies were found. “ 
fortunately further details of the findings are not available, but a e 
sections of the liver, spleen, kidneys and lungs were sent to us o 
an opinion. 

Histology 

In general the appearances are strikingly’ similar to ^ 

first case. The inclusion bodies are easily id entified in t e ' ^ 

* Wo aro indebted to Dr Ann B. Sandison, director, Blood Transfusio 
Dundee, for the results of these tests. 
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and lungs, where they are identical in appearance with those in the 
previous case hut less numerous. In the kidneys they occupy many 
of the lining cells of the convoluted tubules and cells of Henle’s loops ; 
in the lungs they are found exclusively in the lining cells of the 
pulmonary alveoli and in the liver in the lining cells of the smaller 
bile ducts. Inclusion bodies were not detected in the spleen. 


Blood group investigations 

Both parents belong to group 0 and are Rli-positive, the mother 
being of genotype Rhirii (CDe/cde) and the father pf genotype 
RhiRhi (CDe/CDe). The mother’s serum does not agglutinate the 
father’s cells at 37° C., at room temperature or at 4° 0., nor the cells 
of any other group-0 blood which we have examined. The Rh 
genotypes ore clearly such that no basis for iso-immunisation exists 
within this system of groups and the complete absence of reaction 
between the mother’s serum and the father’s red cells does not suggest 
that iso-immunisation of the mother had occurred against any other 
blood-group antigen. 

The MonPHOEOor op the encltision bodies 

Since the abnormal cells are morphologically alike in all situations 
a detailed description will bo given only of the Iddneys, where the 
greater abundance of the changes enables a eomposite picture to bo 
built up. Here the altered cells lie chiefly in the convoluted tubules, 
but also, in smaller numbers, in the loops of Henle and in the collecting 
tubules, where they often appear as single elements amidst an otherwise 
normal lining. In the narrow loops of Henle the enormously enlarged 
cells sometimes block the lumen, and in places the normal epithelium 
is lost so that it is difficult to bo sure of the position of the cells and 
they may appear to lie in the interstitial tissue. Examination of 
serial sections shows that most if not all of the bodies are actually 
intratubular. Only two examples have been seen in Malpighian bodies, 
one in the tuft, the other in the somewhat cubical parietal layer of 
an incompletely developed glomerulus. The affected tubules are 
dilated and are easily recognisable under the low power. In some, 
all the lining cells are affected (figs. 1 and 6) ; in others, isolated 
abnormal cells push aside the normal lining cells, which in places 
then seem to grow under tho abnormal elements and to displace 
them towards tho lumen, finally causing their separation into the lumen. 

Tho affected cells are very large— 20-36 p in diameter— and they 
show a remarkable similarity (figs. 6-8). Transitions between them 
and the normal cells are only rarely seen, a fact much commented 
upon by earlier writers and one wlileh materially assisted their former 
identification as protozoa. We regard as tho earliest recognisable 
stage of development tho appearance in cells otherwise normal of a 
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round, brightly-acidophil intranuclear dot resembling a conspicuous 
plasmosomic nucleolus (figs. 3 and 6) ; around this tliere is a zone of clear 
nucleoplasm. Cytoplasmic granules are absent fi-om such cells. .\1! 
stages of transition can be traced between this barely recognisa'We 
alteration and the enormously enlarged cells in which the uuclcns h 
replaced by the characteristic bird’s eye ” appearance. The more 
severely affected nuclei are oval, 10-15 jj. in greatest diameter nod 
usually eccentric, lying towards the attached border of the cells insffu 
but more centrally in those which have desquamated. The nuclear 
membrane of basophilic chromatin shows several condensations or 
beads, one of which is usually larger than the others ; these raav 
conveniently be termed “ orbital bodies ” (fig. 2). The central 
acidophil body may be round, oval, reniform or even of horseshoe 
shape, and the chief orbital body lies opposite the indentation. The 
central strongly acidophilic inclusion body occupies the greater part 
of the nucleus and is separated from the nuclear membrane by a zone 
of clear nucleoplasm crossed in some instances by delicate chromatin 
tlrreads. The intranuclear bodies are stained black with iron hrema- 
toxylin, faint blue with alum bsematoxylin and intense red by the 
acid fuchsin in Mallorj'^’s and Masson’s trichromic methods. With 
eosin-metbylene blue and Romanowsky stains they tend to be pmpli’h, 
but by careful differentiation can be rendered purely eosinophilic; 
with phloxin-eosin-tartrazine they are stained intense^ red. By 
careful differentiation all these methods reveal the fact that the 
central body is not homogeneous but is composed of innumeTahie 
minute rounded rqfractile particles closely aggregated into a morula- 
like mass witliin which rounded globules like plasmosomic nucleoli 
can sometimes be seen (figs. 2 and 3). Here and there the nuclear 
membrane is ruptured and the nucleus appears to be empty; occa- 
.sionally the appearances suggest that the central body is in process 
of extrusion, but this may be an artefact due to displacement in the- 
cutting of the section. The constituent granules of the intranuclear 
inclusions are not coloured by Feulgen’s reagent. Occasionally tvo 
affected nuclei are present in a single cell (fig. 8). 

The changes in the cytoplasm of the affectecl cells are less uniform 
than the nuclear changes. The cytoplasm is often condensed 
the periphery of the cell, giving an appearance like a double-contoured 
membrane or cuticle (figs- 2 and 3). Many cells show a .spongy foam} 
structure, especial^ as a crescentic zone between the nucleus an 
basement membrane, as if due to the presence of finely divided at. 
In frozen sections, Iioavever, the affected cells show a complete ec 
of sudanophil material. In occasional cells the supranuclear zone 
contains one or more large vacuoles, each with a single large aciaop i ^ 
droplet (fig. 7). The common finding in this site in most ot t 
affected ceUs is a collection of strongly basoplrilic granules be vree 
nucleus and free border. When numerous, the granules are 
in regular curved rows and opposite them the doublo-con ou 
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Plate LIU 


Inclusion bodies in renal epithelium of infants 



Pio 3 — Renal tubule epithelial cells showing various stages of development of the 
bodies, up to desquamation and degeneration Hsmalum and phloxin tartrazine. 
XQOO 



Fio 4 — ^Basoplul cytoplasmic granules armnged in curied rows, the peripheral 
cuticle IS bulgmg, giving the cells an acorn shape Dufaj color photo 
microgropli. Gallego Vanucci acetic fuchsm modification of lilnllory’a stain. 
XC2S 
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membrane disappears so that this part of the cell bulges through a 
gap in the “ cuticle ”, giving the cell an acorn shape (fig. 4). Sometimes 
at this stage the cytoplasm projects as a clear, lightly stained orescent 
in front of the regularly arranged rows of granules (fig. 7). The 
appearances are identical with those described by Tarber and Wolbach. 

The cytoplasmic granules range in size from minute, just visible 
dots, to rounded bodies 3-4 /i in diameter. Mostly they are solid, 
moderately refractile and strongly basophil; sometimes they are 
surrounded by a clear cytoplasmic zone, as if lying in a fiuid-containing 
vacuole ; sometimes the stained substance is in ring form as if 
deposited upon the inner surface of a vacuole. It is not possible to 
resolve the larger granules into aggregates of minute bodies with the 
microscopic equipment available. Sharply differential staining of the 
granules is achieved by eosin-methylene blue and Komanowsky 
methods (blue) and with the Gallego-Vanucci acetic-fuchsin modifica- 
tion of Mallory’s method, where they are strongly fuchsinophil, in 
contrast to the intranuclear inclusions, which take up orange 6 
intensely. Prolonged staining with anilin blue will overlay the red 
colour of the cytoplasmic granules and make them pmq)le or even 
deep hlue (fig. 4). Lendrum’s carbacid-fuchsin method (1945) has 
succeeded in staining them specifically, but the method is capricious 
on this material. In contrast to the intranuclear bodies the cyto- 
plasmic granules react positively (if wealdy) with Feulgen’s reagent. 

Many of the dilated tubules contain desquamated cells end all 
stages of degeneration and disintegration are seen (fig. 3). In some 
tubules, however, the lumen contains innumerable very fine particles 
which are tinctorially identical with the cytoplasmic granules and 
which appear to originate in a discharge of granules from the apices 
of the affected cells. 

In other organs the morphology of the affected cells is essentially 
the same as in the kidney, but as there are fewer cells involved it is 
less easy to build up a composite picture. Next in frequency of affected 
cells is the pancreas, where the intranuclear inclusions are identical 
(fig. 10), though small “ early ” forms are less easily found. In some of 
the larger elements the cytoplasm contains ill-defined granules and 
vacuoles, but only Zenker-formol-fixed material is available, a 
fixative after which precise staining of the cytoplasmic granules is 
difficult to obtain. In the limgs both intranuclear and cytoplasmic 
bodies are present, confined to the cells of the alveolar linin g (fig. 9) 
and wholly absent from the bronchial epithelium, although this site 
has been much affected in other recorded cases. The inclusions in 
the bile-duct epithelium present no special features. 

Histological examination was also made of the thymus, lymph 
nodes, spleen, suprarenals, gastro-intestinal tract and heart muscle. 
In none of these were inclusion bodies found. A notable feature is the 
failure to detect the characteristic morphological changes in cells 
other than those wlrioh function as epithelium, an observation in 
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accordance with the findings of Parher and Wolbach. The cells of 
the reticulo-endothelial system are wholly unafiected. It is therefore 
worthy of emphasis that in the lungs the affected cells form part of 
the lining of the air sacs, a point in favour of the existence of a 
pulmonary alveolar epithelium. 

Discussion 

There is no doubt that the appearances in the affected cells in 
these cases are identical with those described and figured by others, 
and interest centres upon their nature and causation. The view that 
the characteristic cells are protozoon parasites is now discarded and 
they must be regarded as tissue cells altered by the effects of some 
unknown agent. Two points require discussion, (a) the nature of the 
causal agent, and {b) the circumstances in which it is able to act. 


The nature of the intranuclear and cytoplasmic inclusion bodies 

Since the work of Goodpasture and Talbot (1921) and Lipschiitz 
(1921) inclusion bodies such as those described in the nuclei in the 
present cases have been regarded as strongly suggestive of reaction to 
a virus. The significance of intranuclear inclusions is, however, still 
unsettled, and Cowdry, Lucas and Pox (1936) emphasise the need 
for careful scrutiny of the evidence before accepting morphological 
changes in the nucleus as evidence of the action of a living virus. 
Intranuclear inclusions have been observed in the tissues of man and 
animals subjected to the toxic action of heavy metals (Lee, 1933-34; 
Blackman, 1936 ; Olitsky and Harford, 1937). Such effects are 
capricious and the resulting inclusions do not seem to resemble very 
closely the inclusions in our cases, notably in the absence of the 
characteristic basophil cytoplasmic granules. Morphologically the 
nuclear inclusions of our cases correspond very closely with those of 
type A (Cowdry, 1934) found in herpes, yeUow fever, varicella, 
epizootic abortion in mares (Anderson and Goodpasture, 1942) an 
in the salivary glands of guinea-pigs and other rodents. Th®se 
inclusions are acidophilic and contain little or no thymonucleic aci > 
in thus failing to give the Feulgen reaction the intranuclear bo ® 
in our cases agree with those described by others. As Cowdry - 
point out, intranuclear inclusions have been found in the interna 
organs of animals subjected to a variety of experimental injimes an 
also in untreated controls (Cowdry and Scott, 1930 ; Coveil, 

but these are usually of type B. . 1.1 nnes 

Of all the lesions associated with inclusion bodies the o f 
which show cytomegaly, intranuclear and cytoplasmic changes ^ 
with those in the organs of infants are the salivary-gland virus 
of rodents and monkeys, first described in the suhmarflary g an ^ 
guinea-pigs by Jackson (1920). In several species 0 a 
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Tio 5 — -IntTanucIear bodies and cytoplasmic Fic C — Renal tubule showing \ tvrious stages 
granules with ^\oU defined cuticle atovmd of development of the intranuclear mclusions 

some of the cells X 400 X 650. 
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including Macacus rhesus, similar changes may be found in the renal 
tubular epithelium (Cowdry and Scott, 1935 a and 6). Moore (1944) 
refers to these as saprophytic viruses and draws attention to the 
similarity of their associated inclusions to those in the saKvary glands 
and other organs of infants. It is unlikely that the inclusions found 
in human salivary glands are due to the action of the virus of herpes 
simples, because this virus is not reputed to give rise to the 
characteristic cytoplasmic inclusions which are so conspicuous in 
affected salivary glands, and all attempts to recover herpes vims from 
cases with inclusions of salivary-gland type have been unsuccessful. 
It would, however, he in keeping with the association of salivary-gland 
inclusions with virus infection in many widely different animal species 
to infer that the histologically identical lesions in the salivary glands 
of infants are due to the action of a human strain of salivary gland 
virus. The fact that under experimental conditions the animal 
salivary-gland viruses can give rise to generalised lesions, and that 
such generalisation is more readily induced in the foetus than in the 
adult (Markham, 1938) lends further support to the suggestion that 
the generalised lesions of infanta may be due to dissemination of this 
virus. Since the Icnown salivary-gland viruses are strictly species 
specific, it is not surprising that attempts have failed to prove by 
animal inoculation the presence of a virus in human material containing 
the typical inclusions (Kuttner and Wang, 1934). 

Even if it were accepted that the generalised distribution of 
intranuclear and cytoplasmic inclusions in the organs of infants were 
due to dissemination of a human strain of salivary-gland virus, there 
are still many problems unsolved in the relationship between the 
morphological changes and the intracellular localisation of the virus. 
In spite of the large amount of work on the salivary gland viruses in 
recent years, most workers have focussed attention on the intranuclear 
inclusions ; the cytoplasmic granules have been inadequately described 
and discussed. They were observed and depicted by the earliest 
writers but were then regarded as the intracellular organs of the 
“ protozoon parasites ”. Nowadays, when the intranuclear salivary 
inclusions are considered as evidence of the action of a virus on 
susceptible cells, it may well be asked, are the cytoplasmic bodies to 
he regarded ns another expression of the activity of the same virus 
or of a second vims ! 

Anderson (1942) has shown that simultaneous infection of 
susceptible cells by two vimses with predominantly cytoplasmic and 
intranuclear localisation can give rise to two types of inclusion body, 
each characteristic of the appropriate virus. The histological 
appearances in the organs of our infants and in the salivary glands 
of animals would therefore be open to the interpretation that two 
different agents were acting upon the cells simultaneously. Both 
in spontaneous and in experimental infections, however, intranuclear 
inclusions appear earlier than cytoplasmic inclusions (Pearson). The 
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former may be induced in a variety of cells when infection is introduced 
by different routes and are abundant in the mononuclear cells of the 
meningeal exudate produced by intracerebral inoculation of salivary 
gland material containing inclusions ; but c3rtoplasmic granules are 
absent. In spite of the presence of abundant intranuclear inclusions 
in the mononuclears, the meningeal infection is not transmissible by 
serial passage (Kuttner, 1927). McCordock and Smith (1936) have 
shown experimentally that intraperitoneal inoculation into a clean 
strain of mice of broth suspensions or filtrates of mouse salivary glands 
containing inclusions produced a generalised infection fatal in 4-7 days, 
with severe lesions in the liver, spleen and pancreas in which intra- 
nuclear inclusions were abundant, but basopliil cytoplasmic bodies 
were scanty. It was impossible to propagate the infection by passage 
of liver and spleen emulsions, whereas from animals surviving 8 daj-s 
or more the infection could invariably be passed by the injection of 
emulsions of salivary gland, even when inclusions were scantJ^ There 
is thus a striking lack of correlation between the number of intranuclear 
inclusions and the infectivity of the material, a point also noted by 
Pearson. There is therefore no decisive proof that the intranuclear 
inclusions so common in the salivary glands of rodents are specifically 
related to the virus in the sense that they are actually composed of 
virus particles, however tempting such an interpretation may be on 
morphological grounds. 

With regard to the cytoplasmic inclusions, there is still less 
information to enable us to arrive at any proper assessment of their 
numerical relationship to the infectivity of the material. 

There are no corresponding granules in normal cells in these: 
sites. The evidence of morphology seems to us wholly against the 
interpretation of these cytoplasmic changes as degenerative. The 
cytoplasmic inclusions of infants and of rodent salivary glands arc 
Gram-negative and are therefore not mere hyaline droplets from 
protein reabsorption hire those often seen in the tubule cells oj 
damaged neplrrons . Their intracellular arrangement is highly organised 
in the form of curved rows of granules which ultimately appear to e 
discharged into the renal tubular lumen as clouds of minute discre e 
particles. These appearances are suggestive of the developnien a 
cycle of a living parasite, but our interpretation differs from a 
conception of earlier writers in regarding the parasite as a virus ra e 
than a protozoon. The relationship between the intranuclear an 
cytoplasmic bodies is incapable of solution on the material ava: a 
from these rare human cases. 


The association of generalised inclusion bodies 
with hcemolytic disease 

It is noteworthy that 7 out of the 10 examples 
to 1930 — ^infants dying in the neonatal period ^were cass! 
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congenital syphilitics, but microscopic or serological confirmation of 
this was rarely recorded. It seems to us highly sigmficant that the 
diagnosis “ congenital syphilis ” has been replaced by “ hsemolydric 
disease of the newborn ” as the explanation of the neonatal jaundiee 
in all the examples of generalised viseeral inolusion bodies recently 
published. Since Diamond, Blackfan and Baty (1932) first showed 
that hydrops foetalis, icterus gravis neonatorum and congenital 
ansemia are manifestations of a single pathological process, the 
clinical and pathological features of tliis condition have been more, 
widely recognised, and its essentially hsemolytic origin, first advanced 
by Parsons, Hawksley and Gittins (1933), has been accepted, as 
evidenced by the general substitution of the name “ hsemolytic disease 
of the newborn ” in place of “ erythroblastosis foetalis ”. There were 
two infants with congenital sypliilis in Farher and Wolbach’s group 
with inclusions confined to the salivary glands, but they also recorded 
the first examples of generalised inclusion bodies in siblings, the 
j'ounger of whom died of erythroblastosis and the elder of “ heemor- 
rhagio disease of the newborn ”. Further cases in hajmolytie disease 
have been reported by Wanstrom (1933), Andrews and Miller (1935), 
Vidari (1940) and Kdnnoy (1942). 

If we reconsider some of the earlier records in the light of the 
recent extension of knowledge of the features of htemolytio disease 
we might interpret (a) the cellular infiltration of the organs described 
by Jesionek and Kiolemenoglou as due at least in part to extra- 
medullary luemopoiesis ; (6) the “ nephritis ” of stfilbom infants 
(Smith and Weidman, 1910-11 ; Muller, 1022) as congenital hydrops ; 
and (c) the purpura noted bj' Pettavel and by Farber and Wolbach 
as the hocmorrhagic manifestations of erythroblastosis. 

There is thus a strong possibility that many of the previously 
described examples of “ inclusion bodies ” in the newborn occurred 
in cases of hajmolytic disease. A review of all the older accounts, 
however, indicates that in some cases the diagnosis of syphilis appears 
to be justified by tlie clinical features. The occurrence of the 
characteristic “ protozoon-lilco bodies ” in older children makes it 
certain that these lesions are not exclusively related to hsemolytic 
disease, and they have been found in cliildren dying from a wdde 
variety of causes (Farber and Wolbach), including whooping cough 
(ICinnoy) and encephalitis (Smith, Lennette and Eeames, 1941). This 
last case is remarkable in that the virus of herpes simplex was recovered 
from the brain, hut in the absence of specific mention of cytoplasmic 
inclusions it is not certain that this case is of the same nature as our 
own. Nevertheless the appearances of the protozoon-lilce cells are 
open to the interpretation that they represent the action of a virus, 
the tissues of the children being rendered susceptible by debilitating 
illness of various kinds, and the frequency of htemolytio disease might 
reflect merely the importance of this disease as a cause of debility in 
the newborn. 
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Haemol37tic disease is now accepted as due cbieSy to iso- 
immunisation of the mother against a blood-group antigen which she 
herself lacks ; usually the Rh factor is responsible but ocoasiona% 
the ABO system may be concerned, and, still more rarely, evidence 
of iso-immunisation is found against some previously unidentified 
antigen in the red cells of father and infant, when all the commonly 
recognised blood groups appear compatible {Cappell, 19i4, case 10; 
Coombs, Mourant and Race, 1946, case 14 Kells antigen ; Mourant, 1946, 
Lewis antigen). Callender and Race (1946-47) have also described 
three new blood-group antigens previously unknown, and clearly the 
number of these is not exhausted. In the group of cases where 
paternal and maternal groups are in some respect incompatible but 
where irregular agglutinins are not demonstrable, the anti-human- 
globulin test for adsorbed antibody (Coombs, Mourant and Bace, 
1945) has shown that the infant’s cells may be sensitised and the 
usual aetiology of haemolytic disease may be presumed. There is still 
a small group of cases, however, in which the aetiology is obscure, 
both from failure to demonstrate sensitisation of the infant’s cells 
and from the complete absence of incompatibility 'of aU known groups 
between the blood of mother and father. In such cases one must 
enquire whether any other cause for the haemolysis can be found. 
As one of us (McFarlane, 1945) has shown, the mere presence of 
congenital syphilis or other infective condition should not be accepted 
as the cause of haemolytic disease unless a concurrent blood group 
incompatibility and iso-immunisation have been excluded. It is, 
however, generally agreed that erythroblastosis is a compensatory 
reaction to persistent haemolysis, and its presence does not necessarily 
mean that the haemolysis was brought about by the action of maternal 
iso-antibodies. 

Our cases are the first examples of haemol 3 rtic disease of the newborn 
associated with inclusion bodies in which the groups of mother and 
children have been fully investigated. In them no blood groap 
incompatibility has been detected and attempts to demonstrate an 
irregular antibody in the maternal sera were unsuccessfiil, not only 
against the cells of the affected infant but also against the fathers 
and a large panel of known cells. The indirect Coombs test a o 
failed to reveal any sign of an irregular antibody. We must 
put these cases into the group having an obscure setiology, an e 
question arises whether not only the intraceUular inclusions but a o 
the hmmolysis and consequent erythroblastosis may have been 
result of a generalised virus infection. If we had been able fr s ow 
maternal iso-immunisation this would have been an a , 
explanation of the evidence of haemolysis and we might accep 
remarkable inclusion bodies as a mere unrelated and mci e ^ 
finding without causal significance. But we have pointe ’ 
critical appraisal of the literature, that in foetal and neona a - 
they are closely associated with conditions which are now gr 
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together as manifestations of hcemolytic disease, namely congenital 
hydrops and icterus gravis, and it is pertinent to ask whether these 
inclusions, so typical of virus infections, may be causally related to 
the hsemolytic foetal disease by which they are so frequently 
accompanied. The failure to detect evidence of iso-immunisation 
and the lack of any recognisable basis for it in both cases increases 
the probability that the association of the inclusion bodies with 
hsemolytic disease is more than coincidental. 

The successful termination of a farther pregnancy in our first case 
is additional evidence in support of the view that maternal iso- 
immunisation against a foetal blood-group antigen was probablj’’ not 
concerned in the causation of the hasmolytic disease in the previous 
infant. 

Summary 

1. In the tissues of two infants dead from ha 2 mol 5 ^tic disease of 
the newborn widely distributed intranuclear and cytoplasmic inclusion 
bodies have been found. 

2. The affected cells conform to those previously described as 
** protozoon-like ” and the lesions are identical morphologically vdth 
those attributed to the action of the salivary-gland virus of rodents 
and other animals. 

3. By analogy with the experimental transmission of the salivary- 
gland virus in animals, it is suggested that the widespread lesions of 
infanta ate ptobably due to dissemination of a human strain of salivary- 
gland virus. 

4. In view of the common etiology of liremolytic disease of the 
newborn, it is noteworthy that iso-immunisation of the mothers by 
any of the Imown blood-group antigens carried by the feetus has been 
excluded in both cases. 

W© are indebted to Dr E. A. Atkinson of Romford for the clinical Iiistory 
and sections of case II, and to Dr Aubert, Regional Transfusion Officer, Sheffield, 
for collecting samples of blood from the parents for grouping and testing for 
antibodies. 
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h THE PHLOXIN - TAHTRAZINE METHOD AS A 
' GENERAL HISTOLOGICAL STAIN AND FOR THE 
DEMONSTRATION OF INCLUSION BODIES 

Aiak C. Lendmii 

From Ihc Departinmt 0/ Pathology, The University and Western 
Infirmary, Olasgow 

(Plate LV) 

The original pliloxin-tartrazine method was put forward (Lendrum, 
1039) as a substituto for tho crythrosin-saffron method of Masson, 
with tho claim that it was n more certain way of producing the type 
of picture given by Masson's beautiful but wayward method. It can 
give the same colour distribution and tho same delicate transparency 
ns Masson’s method and although neither is what may be called a 
primary diagnostic method, both are suitable for the studj' of cellular 
(including inflammatory) lesions, for photography and particularly 
for demonstration. Tho two purposes of the present contribution are 
to describe for use in this method a phloxin solution which seems to 
keep indefinitely in a staining jar, and to detail a particular usage 
which demonstrates clearly certain inclusion bodies. 

The general scheme of the method is nuclear staining by ordinary 
hjemalum followed by primary cytoplasmic staining ivith a fluorescein 
dye ; this in turn is diiferentiatcd by treatment with a solution of 
tartrazine in cellosolve, with resulting removal of the red dye from 
the collagen and its substitution by tho yellow of the tartrazine. It 
will be noted that ordinary hxmalum is used and Mayer’s 1903-04 
formula (Lendrum and McFatlane, 1940) is tho one preferred ; it is 
unnecessary to use iron-hfflmatoxylin since the section is not going to 
bo exposed to phosphomolybdio or other strong acid. The use of 
irou-bcematoxyUn, however, is in no way contra-indicated and if it 
be used as a pure nuclear slain, differentiated for example with the 
0-1 to 0-3 per cent, aqueous nitric acid advocated by Cole (1943), the 
phloxin-tartrazino counterstaining works particularly well; indeed 
the use of the nitric acid seems to give an added brilliance to the 
yellow in collagen. It is to bo remembered that this is not a method 
with the purpose of emphasising the collogen and roticulin, as in the 
Mallory trichromic method and its endless offspring. The emphasis 
in the phloxin-tartrazine method is on tho elements which retain tho 

son 
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red, namely muscle, blood, fibrin, keratin and various granules • the 
coUagen is not brought into prominence by swellmg, as happens with 
the acid of the usual trichromic methods, and the yellow is of course 
visually poorer than the red. Unlike the trichromic methods it is 
best observed in white and not yellow light. 

The only red dyes found to be successful in this type of procedure 
are the fluoresceins and it is considered that the best of these is 
phloxin (Colour Index no. 778), although even it is improved by the 
addition of an intensifier to the solution. In my previous paper 
(1939) two methods of intensifying were given, the addition of either 
gallic acid or formalin. It was later found, however, that calcium 
(added to eosin by Coim and Holmes, 1928) is the ideal mtensifier 
for ordinary usage, since the solution keeps so much better, nuclear 
staining is less affected and differentiation is easier. Of the fluoresceins 
other than phloxin, erythrosm (C.L 773) even with calcium chloride 
is too easily removed from muscle, blood, etc. by the tartrazine, and 
eosin Y (C.I. 768) is more labile stiU ; rose bengal (O.I. 779) behaves 
more like phloxin but, although used by some, has not seemed to 
offer any advantage over it. 

The standard method for histological demonstration has now for 
some four or five years been as follows. 


Stain with Mayer’s (1903-04) hsemalum for the usual time. 

Blue and wash. 

Stain with 0-5 per cent, phloxin (C.I. 778) in water containing 
0*’6 per cent, calcium chloride for 30 minutes in a jar.* 

Rinse briefly in water, drain off and replace by a saturated 
solution of tartrazine NS f in cellosolve (ethylene glycol mono- 
ethyl ether) from a drop bottle, controlling microscopically. 

The tartrazine is very soluble in water and can be easily leached 
from the section by washing in water ; thus one can see, under the 
low power, if the removal of the red stain has been carried far enough. 
If the desired degree has been reached a ftirther brief treatment wit 
tartrazine is followed by a rinse with 60 per cent, spirit, 95 per cen . 
spirit and so to absolute alcohol and xylol. Cellosolve itself is misoi e 
with xylol, alcohol and water, but the tartrazine is insoluble in sy o 
and only slightly soluble in absolute ethyl alcohol. It is there ore 
possible with the knowledge of these facts to obtain any desired e^ee 
of yellow staining in the final preparation, along with any esne 
degree of differentiation of the red staining. For some purposes, ^ 
as the demonstration of Faneth cells, of phagocytosis of 
or of the phloxinophil nucleoli in neoplastic cells, 5t is wo ^ _ 


* This solution keeps for a year and can be reinyigorated by ad 5 . _ are 
calcium chloride. Some phloxins seem to act better if in 70 per cent, a jgiuBi but 

improved by the addition of an equal -weight of eosin Y. All react iv 
all have the fluoresceins’ failing of flocculation. , r „ TmTinrial Chemical 

f Commercial tartrazine is used ; the product obtained from P 
Industries is cheap and excellent. 
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prolonging the action of tho differentiator and then reducing the final 
intensity of tho yellow staining virtually to nil by thorough washing 
in water. 

Tho tartrazine cellosolve solution finds frequent other uses in tho 
laboratory : it is our routine to follow Ziohl-Neelsen on scotions by 
staining with hcemalum and then tartrazine, to use very light tartrazine 
staining after hicmalum and muoioarmine, to follow orcein staining of 
elastica by hremalum and then tartrazine, and to follow Pork’s iron 
test with the phloxin-tartrazino method as given above, except that 
the time in hffimalum is cut to half and treatment with alkali omitted, 
thus sparing tho alkali-soluble prussian blue and leaving tho nuclei 
a reddish colour which contrasts well with the blue. Por tho above 
phloxin-tartrazino methods tho best fixative is formol-subliraato (one 
part commercial fonnalin to nine parts saturated aqueous mercuric 
chloride) ; prolonged fixation in formalin, Kaiscrling, etc. is also 
suitable, but tho bioluomate and picric fixatives are not. 

By prolonging tho action of tho tartrazine beyond tho stage 
desirable for ordinary purposes, strikingly different degrees of affinity 
for phloxin are exhibited by different elements in tho section. Thus 
when the erythrocytes have had their pWoxin removed and replaced 
by tartrazine there is still some phloxin in fibrin, in tho granules of the 
mast cells and eosinophils, in certain granules of glandular epithelium * 
and in the Eussell bodies of the plasma colls ; but when oven these 
have been rendered yellow by continued differentiation (this happens 
in the order given), there remains definite retention of phioxin by tho 
large nucleoli of aberrant neoplastic cells and by certain inclusion bodies. 
The term phloxinophU inclusion body is used here with a restricted 
significance to describe a body, intracytoplosmic (figs. 1-3), intranuclear 
or both, characterised by tlio oxtraordmary tenacity with which it 
retains phloxin. Tho important technical point is that although the 
affinity of these structures for phloxin is not absolute and that lengthy 
treatment with tartrazine will ultimately deprive them of their red 
colour, there is a significantly mdo margin of safety. Por example, 
as one applies the tartrazine to a section of guinea-pig lung and 
observes the process under the low power of tho microscope, the 
phloxin is seen to leave the collagen, then tho muscle, then (more 
slowly) the erythrocytes, and by now, with this power, there seems 
to be no phloxin retained anywhere in the section. If, however, 
the section is taken through xylol and mounted, observation with an 
8- or 4-mm. objective will show that tho granules of tho eosinophils 
have a yellow-orange colour while tho Kurloff bodies (Ledingham, 
1939 ) are still strongly phloxin-red (fig. 4 ). If (and in this lies the 
teohmeal safety) one wished to decolourise the Kurloff bodies the 


• Moderato phloxinopbilia is seen m the granules of tho so called “ pale " or “ pink ” 
epithehuin ef eyatio mastopotby (Lendrum. 1045), a stronger degree is present m tho 
gMulos of more varied size which nppoor m the epithehum of locahsed areas of atrophy 
of tho breast, ond in the gnmulee of the Panoth ceil (Kerr and Lendrum, 2035-36). 
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tartrazine diflFerentiation would need to be carried on to somethinir 
between 18 and 44 hours beyond the stage at which the er3i;hrocyt€s 
had been obviously deprived of their red colour. Tliis vivid chromatic 
isolation of the bodies is in striking contrast to the appearances with 
say Mann’s stain, in which eosinophihc inclusions so closely resemble 
erythroc 3 rtes. 

The finding of inclusions and their study in stained sections can 
explain only a small part of their significance, but accurate knowledge 
of the frequency with which they occur in relation to recognisable 
clinical disease will have its evidential value when enough observations 
have been made. By the use of this simple staining method a number 
of tissues has now been studied to discover their content of phloxinophil 
bodies ; some of these tissues were from conditions Imown to be 
characterised by the presence of inclusion bodies as revealed by other 
staining methods, and it is perhaps not without practical significance 
that, in some of these, phloxinophil bodies were found and easily found. 

Strongly phloxinophil inclusions of spherical type have been seen 
in the epithelium of the epididymis of a surgically removed retained 
testis. These are intranuclear bodies, mainly small and frequently 
multiple, with occasional clumping to form a morula ; a large homo- 
geneous spherical form occurs rarely. These bodies are obviously the 
same as those figured and described by Heidenhain and Werner 
(1924, their fig. 9 in colour) as proliferated degenerate nucleolar 
substance. Scanty spherical inclusions have been seen in the cytoplasm 
of large cells, probably polyblasts (figs. 1-3), in the intramural 
inflammatory tissue of tropical ■ primary phlebitis (Fisher, 1941 ; 
Fisher et al., 1947). This type of inclusion resembles closely the form 
of Russell body which occms as a single inclusion, showing a smooth, 
glossy, homogeneous appearance with a surrounding clear halo. In 
tropical phlebitis, however, the inclusions are contained within cells 
which are obviously not plasma cells, and they rarely distend the 
containing cell as all but small Russell bodies commonly do. They 
appear also to have a rather stronger phloxinopluha. The poly- 
morphous acidophil inclusions of the cytoplasm of the epithelial cel s 
of contagious warts, as studied in three examples of surgically remove 
keratomas, show a greater phloxinophiha than does the keratin a 
the surface of the wart (fig. 7). Persistent phloxinophffia ms 
also been demonstrated in the Kruloff bodies (fig. 4) of the guinea pig 
(Ledingham), in the intranuclear bodies of the infantile disease recen } 
described by Cappell and McFarlane (1947), in the 
membranes (fig. 6) infected with cowpox (Downie and Dumbell, 
and in the inclusions (fig. 6) of infantile giant ceU pneumonia ( urc , 
1896-97). These last, occurring in histological material from a ^ 

of varicella at present under study with Dr Thomas Anderson, a a 
a fairly strong affinity for two of three samples of ethyl eosin (C. ■ 
Strongly phloxinophil material, homogeneous in structure an 
irregular in shape, has been seen in large cells in the Ze er 
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Fia, 1. — Prom wall of vein in tropical phlebitis : stained heemalum, phloxin and 
tartrazine (extended method) and photographed through Ilford red-absorbing 
filters. Centrally there is a large aberrant cell with a convoluted nucleus (see 
Fisher e< al., 1947, p. 412) and immediately below it a cell containing a ciicular 
intraoytoplasmio inclusion body surrounded by a clear halo, x 1000. 

Fig. 2. — Same field photographed through Ilford green-obsorbing (magenta) and blue- 
absorbing (yellow) filters. With this preponderantly red light the red-stained 
indusion body is relatively transparent. Comparison with fig. 1 shores that the 
body is quite opaque there and that it is the only object in the field to show this 
difference, x 1000. 

Fig. 3. — Same field : coloured drawing to show the selective retention of phloxin by 
the inclusion body. The strong colour contrast, as shown also by the photographs, 
allows one to find the body at low magnifications, x 1000. 

Flo. 4. — ^Kodachrome of guinea-pig lung : same staining, showing Kurloff bodies j 
again they are the only structures in the section to retain their phloxin. The 
dark granules are chlorazol black with which this animal had been injected. X dSd. 

Flo. 6. — Kodak tricolour transparency of ginnt-cell pneumonia (case of varicella), 
same staining, showing phloxinophil material in a multinucleate giant cell in the 
alveolar wall. These bodies occur in alveolar lining cells even when these cells 
are small and have only one nucleus, x 160. 

Fio. 6. — Kodaohrome of egg membrane infected with cowpox : same staming. The 
large homogeneous inclusions contrast well with the yellowish colour of f e 
nucleated eiythrooytes. X 630. 

Fig. 7. — ^Kodachrome of keratinising' verruca of face : same staining. The inclosicn 
material has a distinctly stronger phloxinophilia than the superficial 
The presence of the phloxinophil material in the cell is not obviously associa 
■nnfh ftnv n.hnnrmalif.v nf t.hfl nucleus that zmaht suffccst cellular degenera i 
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brain of guinea-pigs after passage infection uith typhus material 
(from Dr G. M. Tindlaj’, Dr K. R. HiU and Dr I. Rannio). These 
inclusions are intracytoplasmic and appear to be related to degenera- 
tion of these not clearly identifiable cells. 

Not quite all these tissues ivero fixed in formol-sublimate, but all 
were subjected to fixatives containing mercuric chloride and were, 
in general, well fixed ; it is possible that some of the negative results 
described below may have been duo to the unsuitabiUt 3 ' of other 
methods of fixation. A relatively poor pliloxinophilia was seen in 
the inclusions described bj’ Broadlmrst et al. (1943) in the buccal 
epithelium (smears from Dr J. 51. Alston ; various fixatives), of tissue 
from ectromelia fixed in Bouin (from Dr R. K. Oag) and of an 
encephalitic brain fixed in formalin (from Professor Dorothy Russell). 
Negri bodies in rabid dog brains, after various fixatives including 
formol-sublimate (from Professor J. AV. S. Blaclcloek and Dr H. E. 
Hutchison) also showed poor phloxinophilia. Egg membrane infected 
with variola and fixed in Zenker-formol (from Professor A. W. Domiie) 
failed to show pliloxinophilia in the finely granular inclusion material 
of the ectodermal cells ; it is to be remembered that this docs not 
mean that they do not stain with phlo.xin. Experimental tj-phus 
mouse and rabbit lungs after various fixatives including formol- 
sublimate (from Dr P. Fulton), sewer rat kidneys (Hindle and 
Coutelen, 1932) and j-ellow fever monkey material fixed in Bouin or 
Zenker (both from Professor Hindle), and several granulomata 
induced in the guinea-pig by the aluminium hydroxide method of 
Olitsky and Harford (1937) and fixed with formol-sublimate, all 
failed to show bodies with persistent phloxinophilia. 

It is clear, therefore, that the method is not suitable for the 
demonstration of every type of recognised inclusion bod 3 ’^, but in 
virtue of its technical simplicity and high contrast it does allow the 
easy and rapid recognition of such inclusion bodies as are strongl 3 ' 
phloxinophilic. The appearance presented by the inclusions mentioned 
above is quite unambiguous and the method would seem to offer 
a useful aid both to those whose primary interest is the study of viruses 
and to the morbid anatomist in his observations on the occurrence of 
inclusion bodies generally. 

Summary 

The phloxin-tartrazine method of counterstaining after liEemalum 
is described as an easily performed and useful procedure, giving the 
type of result seen after 5Iasson’s ciythrosm-saffron method. 

By prolonged differentiation with the tartrazine there is revealed 
a strong phloxinophilia of certain inclusion bodies, which can thus be 
rendered the only red-stained element in the section, enabling them 
to be picked out with great ease even when scanty. 

I acknowledge gratefully the ready help of the friends mentioned in the 
text, and no less the consistent technical support of Messrs W. Carson and 
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W. Penny. ThanliS are also due to Drs R. M. Caiman, E . Duffy and W. L. Murray 
for the colour photographs and to the Rankin Fund for a grant towards materials. 
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TROPICAL PRIMARY PHLEBITIS 

A. C. Fisher, Monica M. Fisher and A. C. Lbndrum 

From the Moan Antelope Hospital Service. Lmnsliya, Northern Mhodesia, and 
the Department oj Pathology, the University and Western Infirmary, 
Qla3gow 

(Plates LVI-LVni) 

An acute syndrome of phlebitis and thrombosis of largo veins 
accompanied by pyrexia in previously healthy individuals was first 
described by one of us (A. C. Fisher) in 1941. The suggestion was then 
made that this is a clinical entity and confirmation of tins view 
appeared shortly thereafter in Gelfand’s book (1944). More recently 
Manson-Balm and Charters (1946) have described thrombophlebitis 
in East African troops, of a type Tvhioh they state has not previously 
been recognised ; it seems certain enough, however, on the basis of 
the clinical picture they provide, that they are describing the some 
disease, thus confirming the vnew expressed in 1941 that the disease 
is probably not confined to the copper-mining area of Northern 
Rhodesia. Since 1941, colleagues in Northern Rhodesia have referred 
a considerable number of oases to one of us (A. C. F.), and the oppor- 
tunity has thus been provided to widen our experience of the disease 
and to obtain material for further histological investigation. 

Increasing clinical awareness of this disease eraphosises more and 
more its distinctive characters : (a) it affects young healthy adults 
leading active lives ; (6) either deep or superficial veins may be 
involved ; (c) it is acute and usually non-rocurrent ; (d) it is accom- 
panied by pyrexia and most of the signs associated with infection 
and is thus unlikely to be confused with other conditions commonly 
affecting the systemic veins, such as the thrombopWobitis of Buerger’s 
disease. 

There appear to be two main clinical types. The type we have called 
phlebitis major affects the largo veins and is accompanied by obvious 
general upset and pyrexia ; this is the type that most commonly 
comes under observation. The other, phUbiiis minor, is essentially 
a lesion of the smaller veins, obvious enough when it involves the 
superficial plexus, but thus far only a presumptive diagnosis in the 
cases where wo believe that only deep-seated small veins are involved ; 
the general upset is much less, thrombosis in the smaller veins naturally 
causing slighter effects. 

J PATH. Dior.— VOI. us 405 



406 A. C. FISHER, M. M. FISHER AND A. 0. LENDRVN 

CrjJfIGAL ASPECTS 

Typical clinical picture of phlebitis major 

The patient, a healthy male aged between 20 and 40, is seized 
■with sudden pain over the affected area. In some cases there is a 
history of malaise during the preceding 24 hours. On examination 
of, say, the femoral vein {the most commonly affected) there is acute 
tenderness along its course, associated -with spasm of the surrounding 
thigh muscles. Local oedema and swehing are usually apparent wthin 
a few hours of the onset of the pain, and distal venous engorgement 
appears -vvithin the next 24-48 hours in the tj^pical severe case. The 
height of the pyrexia is variable, in some not rising above 99° P., 
in others reaching 105° ; generally a rather higher temperature occurs 
with involvement of a large vein. The duration of the fever, from 
2 days to 3 weeks, is apparently related to the degree of secondari- 
thrombosis. The oedema and tenderness render examination almost 
impossible in the early stages, but these symptoms subside -nithin a 
few days and it is then usually possible to recognise the vein as a 
smooth, thick, hard cord. In mild cases with minimal evidence of 
venous obstruction, the thickening and induration of the venous vail 
are usually gone -within 10 days, but in severe cases, with obvious 
thrombosis, the vein may feel abnormal to the touch for weeks or 
months and the limb, especially the lower, may be left in a state 
of permanent oedema. After a less severe attack partial obstruction 
may be revealed only by the appearance of engorgement and cedema 
under conditions of stress. 

Differential diagnosis 

The distinction from tropical myositis is sometimes difiScult but 
usually clear by the second or third day ; according to Gelfand, tropica! 
myositis is rarely if ever encountered in the European. The difScultv 
■of distinguishing between phlebitis of the common jugular vein and 
tropical myositis of the sternomastoid muscle was noted in 19h 
(Fisher). Manson-Bahr and Charters report that some 20 of tliek 
oases of thrombophlebitis had an acute “ stiff-neck ”, wliicli vas 
neither tropical myositis nor associated with phlebitis of the veins 
of the neck ; in -view of the high incidence of involvement of the 
jugular veins in our series (table), it seems probable that their cases 
had in fact minor phlebitis in the neck region. In the neck or Scarpa s 
triangle, acutely inflamed lymph nodes may, during the first daj or 
two, be indistinguishable from tropical phlebitis. 

Complications 

The only complications observed are those arising from mechanical 
interference -with the circulation, notably where the collateral * 
tion is less efficient, as in the cerebral and portal veins. Suppuoa i 
has not been seen nor any sign of embolism. 
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Prognosis 

A fatal outcome is likely only ■rolven the cerebral sinuses or important 
visceral veins are grossly involved, but since secondary involvement 
of tlicso may follow onset in a superficial vein of a limb, the prognosis 
in all cases should bo guarded. After a month, however, thcro scorns 
little likeliliood of further thrombosis; the infection has by then 
run its course. Of the 71 cases recorded, 7 were fatal. As mentioned 
above, severe thrombotic involvement of a main vein in the log is 
usually followed by a fairly massive residual oedema. 

Tam-t: 
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Trealment 

Sulphonamides were administered in full dosage during the acute 
febrile stages of the disease without producing any apparent benefit. 
In the absence of the necessary laboratory controls the use of di- 
coumarone was avoided and our supply of heparin was insufficient 
for adequate trial, but since the dangers of the disease are clearly and 
mainly related to the tlrrombosis, which we believe to be secondary 
to the lesion of the vessel wall, the use of anticoagulants would seem 
obviously worth trial. 


Ila.UHXRATIVI: OASES 

Ctises pj phUhiiis major 

The case nvnnboring is chronologicol (June 1930 to AprU 1946). Brief 
details of nU our cases are given in a table which hna been deposited with the 
Librarian, General Library, British Museum (Natural History), London S.W 7 

Geretra! mcolcement. Case 07, mate Bantu, ago 20-30, miner, was admitted 
0.1,44 m a senous condition, imablo to gtr-u aa account of himself. He had 
a tempornturo of 103“ F. and spastic paraiysU of both legs. The blood showed 

3. »Ara. DACt.—T0l» 14X Or. 
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Clinical aspects 

Typical clinical picture of phlebitis major 

The patient, a healthy male aged between 20 and 40, is seized 
•with sudden pain over the affected area. In some cases there is a 
history of malaise during the preceding 24 hours. On examination 
of, say, the femoral vein (the most commonly affected) there is acute 
tenderness along its course, associated -with spasm of the surrounding 
thigh muscles. Local oedema and swelling are usually apparent mthin 
a few hours of the onset of the pain, and distal venous engorgement 
appears within the next 24-48 hours in the typical severe case. The 
height of the pyrexia is variable, in some not rising above 99°?., 
in others reaching 105° ; generally a rather higher temperature occurs 
with involvement of a large vein. The duration of the fever, from 
2 days to 3 weeks, is apparently related to the degree of secondaij- 
thrombosis. The oedema and tenderness render examination almost 
impossible in the early stages, but these symptoms subside within a 
few days and it is then usually possible to recognise the vein as a 
smooth, thick, hard cord. In mild cases with minimal evidence of 
venous obstruction, the thickening and induration of the venous irail 
are usually gone within 10 days, but in severe cases, with obvious 
thrombosis, the vein may feel abnormal to the touch for weeks or 
months and the Umb, especially the lower, may be left in a state 
of permanent cedema. After a less severe attack partial obstruction 
may be revealed only by the appearance of engorgement and oedema 
under conditions of stress. 

Differential diagnosis 

The distinction from tropical myositis is sometimes difficult hut 
usually clear by the second or third day ; according to Gelfand, tropical 
myositis is rarely if ever encountered in the European. The difficulty 
of distinguishing between phlebitis of the common jugular vein and 
tropical myositis of the sternomastoid muscle was noted in 1911 
(Fisher). Manson-Bahr and Charters report tliat some 20 of their 
cases of thrombophlebitis had an acute “ stiff-neck ”, which vas 
neither tropical myositis nor associated ■with phlebitis of the veins 
of the neck ; in view of the liigh incidence of involvement of t ic 
jugular veins in our series (table), it seems probable that their case? 
had in fact minor phlebitis in the neck region. In the neck or Scarpa » 
triangle, acutely inflamed lyouph nodes may, during the first ay or 
two, be indistinguishable from tropical phlebitis. 

Complications 

The only compheations observed are those arising from mechaui 
interference "with the circulation, notably where the coUatera 
tion is less efficient, as in the cerebral and portal veins. Supp 
has not been seen nor any sign of embolism. 
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of them recovered without operation and tho other revealed at operation wliat 
was probably a more severe degree of tho same essential lesion. 

Ca^e 09.* Male Bantu, age 36, minor, complained of acute pain in tho left 
hypocliondrium. There was a history of a recent slight swelling in tho left foot 
and ankle but tho details were too vague to justify a retrospective diagnosis 
of tropical phlebitis. Ho had a tomporaturo of 103® F, and tenderness with 
guarding over the splenic area, TIio signs pointed to subacute rupture of the 
spleen and operation was performed through a loft subcostal incision. The 
spleen was much enlarged, tense, blue, uniform in appearance and exuding blood 
over the whole surface. TJiero "was much blood in the peritoneal cavity. The 
spleen was removed and showed no sign of capsular tears, its general appearance 
suggesting total infarction. The splenic vein contained firm clot but the wall 
of tho vein in the portion accessible to observation appeared normal. He died 
next day and autopsy was refused. 

Case 24, male Bantu, age 10, a schoolboy, complained of sever© abdominal 
pain. He had fever, and guarding over a palpable and tender spleen. Tho 
blood smear showed a few malignant tertian rings. A few days later pain and 
tenderness were also present in tho left ilino fossa, then in the thigh and finally 
in the popliteal space. Tho veins in the thigh and leg \voro tender and had the 
typical rubbery feel. During tho following four weeks tho fever settled and all 
local sigtLs gradually disappeared. Tho contemporaneous existence of a typical 
phlebitis in the leg and what wo may coll a splenic syndrome suggests that tho 
latter was really duo to mild involvement of tho splenic vein. 


* Cases of phlebitis minor 

Case 4C, male Bantu, ago 20*30, gardener, complained of painful lumps in 
the arms and legs and a feeling of slight wealeness. The nodules, which were 
somewhat tender, were apparently related to the veins ; about half a dozen 

* lay along the line of the superficial veins of the ventral aspect of both forearms, 

* while two or three were in relotion to tho superficial posterior vein of tha calf. 
' In consistence they were firm and rubbery, opparontly spherical and about 

6 mm. in diameter ; they could bo moved laterally under tho skin but not in the 
line of tlie vein. At operation one of these nodules was found to be a localised 
^ thickening in the substance of the venous wall ; this was removed for microscopy 

(see p. 412). The remaining nodules gradually disappeared over some montlis, 
•i* and neither sequelas nor recurrences have been noted in the following two years. 

Case 48, R.B.E., male European, age 39, laborotory technician, experienced 
pain at the base of the second right too, followed by an exquisitely tender 
swelling. About the fourth day one of the dorsal plexus of veins was palpable 
as a cord. He got up after 3 days in bed but felt less well, and on tho next day 
rt pain and swelling reappeared locally. Further rest in bed led to rapid and 
complete rocoverj'. 

Co^c 49, male Bantu, age 28, househoy, complained of pain in the left log, 
which was slightly mdematous, while there was tenderness of the calf muscles. 
The temperature, 99® F, on tho first day, was normal by the third. Blood culture 
jui” gave no growth. Within ft week he was normal and after further observation he 
was discharged well on the 20tli day. This was regarded as an early stage either 
of tropical myositis or tropical phlebitis, but the rapid and complete resolution 
led by exclusion to tho presumptive diagnosis of phlebitis minor. 

A.r' typical of a disorder commonly seen in Northern Rhodesia 

which may well be a manifestation of the disease under discussion. Admittedly 
^^1 in none of these is it possible to palpate a thickened tender vein and we wonder 
if the site of venous involvement may perhaps be small deep-seated vessels, 


* We are indebted to Dr J, H, Dowds for details of this case. 

(^1 
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presumed in case 49 to be the venae comites of the posterior tibial artcrj'. Tho 
clinical picture in this group is not imlike that seen in Calabar sweiling, but 
Filaria loa loa has not been observed in Northern Rhodesia. ' 


^Etiology and pathology 

The occurrence of phlebitis in the course of well defined infective 
diseases such as typhoid, typhus or relapsing fever is well known, 
and in attempting to show that the present series is a homogeneous 
group, it is Decessary to exclude these obvious predisposing states. In 
none of the cases was there clinical evidence to suggest the presence 
of such infections and the laboratory findings provided no unexpected 
contradiction. Other obvious predisposing conditions which have to 
be considered in Africa are helminthic infestation and drepanocytosis. 
Heematological investigations showed an absence of eosinophilia, and 
of seven cases specially examined for sickling, only two showed this 
trait. It is not certain how jfrequently the sickle-ceU condition is 
complicated by random thrombosis, but the proportion with the trait 
among the few cases examined is not very different from the 
17 per cent, incidence shown by English (1945) to exist in the normal 
Bantu population. In general there was only a slight leucocytosis 
with, in some, a moderate relative lymphocytosis (Usher); similar 
findings are given by Manson-Bahr and Charters. Smears from 41 
of the cases revealed malaria (M.T. rings) in only two (nos. 24 and 63). 

Since there was no obvious indication of a primary disease on 
clinical grounds, various laboratory investigations were rmdertaken 
in the hope that some positive evidence might be forthcoming. Culture 
of the blood was carried out on 12 cases, but the only positive finding 
was a Streptococcus viridans from case 42, a finding that we would 
hesitate to consider as significant. Of the three Kahn tests recorded) 
one was strongly positive (38), the others negative (16, 41) ; two Wida 
tests were negative (67 and 66), as was the only Wen-Eelbc test (31)- 
It then remained to investigate the lesion itself, with the idea in 
that the causative factor might be present there and that there mig 
he a characteristic morphological change in the vessel wall. 
conception of the lesion (during the early part of the study, use 
largely on the clinical findings) was of damage to the lining o 
vein extending over a considerable stretch of the vessel. The ^ ^ 

at necropsy in case 66, however, suggested that the lesion nug 
intramural, and of severe degree in only a very short segmen 
segments, despite the much greater length of the vein that 
clinically to he involved. Unfortunately the tissues from 
were too autolysed for microscopy, but the appearances m 
at exploratory operation seemed to confirm the idea that o y 
length of wall was seriously damaged, and with this the micros 
findings agree. 



Fig. 1. — ^TliromljopWobith of oxtornnl jugular vein, cn'so 70. TJio ves'jol i** fillocl 
wnth thrombus, and oven at thh magnifioatlon it Is possible to seo the disniption 
of the normal structures of tho wall throughout >ts whole extent shoNvn. X 13. 
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comer Tlie wall is irregularly trft\ ersed bj j oung enpillancs nncl in the ceilemotous 
tissue there aro many polymorphs X 2o0 
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Bacteriological findings 

Cultures from the clot obtained at operation on case 70. in which 
we feel that the primary lesion was accurately identified, yielded no 
growth (p. 408). Material from the earlier cases may well have 
been taken from clot which was in fact at some distance from the site 
of main intramural damage, and in all three cases examined (two by 
aspiration and one at necropsy) all cultures were sterile. 

Histological changes 

The findings in case 70 (portion of jugular vein) were not only 
extraordinary, hut have thrown light on the previous biopsy material 
and permit an interpretation of these earlier specimens which could 
scarcely have been possible without the help gained from its study. 
The lesion in case 70, which may reasonably be accepted as the active 
or acute phase of the disease, is essentially a replacement of the media 
and intima by actively proliferative vascular tissue with associated 
polymorph infiltration and the presence of scanty but unequivocal 
cytoplasmic inclusion bodies. 

The thrombus in the lumen is attached to the wall (fig. 1) ; it is 
recently formed, shows no organisation and presents no unusual 
features. As regards the wall of the vein, low-power magnification 
reveals a remarkable disruption of the normal tissues of the media 
and intima (fig. 2), the distinction between which is quite lost; the 
formed collagen sheets are not only separated concentrically from each 
other by the new mdematous tissue to be described, but they appear 
to be fiactured and the fragments dislocated. The interrupting new 
tissue seems to take origin from the adventitial zone and to invade 
the media, where it displays more fully its striking and unusual 
characters. Under higher magnification (fig. 3) it is seen to consist 
of new-formed capillaries sot in a loose cedematous groundwork in 
which lie large cells of uncertain nature, and a moderate number 
of neutrophils. These polymorphs are themselves peculiar in that 
they show surprisingly good preservation of their structure (figs. 6 
and 6) ; this is obvious in all of them and differs markedly from 
the state of affairs in the usual pyogenic lesion, where varying 
degrees of degeneration of the polymorphs can almost invariably 
he found with ease. The endothelial ceUs, which by themselves 
constitute the lining and whole thickness of the walls of these 
primitive capillaries (fig. 4), are distinctly larger than those in 
ordinary gramdntion tissue, even if cedematous, and larger even than 
those in an actively neoplastic capillary angioma. The appearance 
of those endothelial cells is quite unusual and their large vesicular 
nuclei and mildly basophil cytoplasm point to an urgent proliferative 
activity, as does the finding of numerous mitoses. In the cedematous 
groundwork between the irregularly disposed capUlaries lie large cells 
of rather similar general appearance to the endothelial cells as 
J. PITH. BicT,— voi. ur 2 n 2 
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described, Tvith insufficient differentiation to justify the name of 
fibroblast ; some of them show a convoluted vesicular nucleus which 
recalls the large aberrant cells of Hodgkin’s disease, mycosis fungoides 
and certain reticulin-forming neoplasms of the reticulo-endothehal 
system. They may in our opinion be accepted as reacting polyblasts, 
and it is in these that the cytoplasmic inclusion bodies occur. 

These bodies are scanty, not more than four or five being present 
in a transverse section of the whole vein at the level of acute involve- 
ment. By the use of the phloxin-tartrazine method as modified to 
reveal phloxinophil inclusions (Lendrum, 1947) these bodies are 
stained strongly red ; and since the nuclei are blue-grey and all the 
other tissue elements are stained yellow, the inclusions are easily found 
even with a relatively low magnification. All are perfectly circular, 
somewhat hyaline and fairly dense bodies. Some are distinctly smaller 
than the one illustrated in figs. 1-3 of Lendmm’s paper (1947), and 
only one larger form has been seen ; this lies in what appears to be 
the ghost remnant of a degenerate cell, about the size of the tree- 
lying polyblasts but now without trace of nucleus or other internal 
structural details. 

The sagittal sinus of case 67 was received in diluted glycerin, after 
fixation in Kaiserling followed by formol-subhmate. It was not 
possible with the naked eye to determine any focal abnormality in 
the wall of the vein but, after microscopical examination of many 
blocks, lesions were found of exactly the same type as those in case 70, 
although of rather less degree. Scanty cytoplasmic phloxinophil 
inclusions were also present in this material. The demonstration of 
similar inclusions was attempted in material from cases 10 and 46 
(phlebitis minor). Unfortunately these specimens were fixed in 
formalin, which rarely proves satisfactory either for the study of 
cellular detail in a tissue such as a blood vessel or for the successful 
appKcation of the phloxin-tartrazine staining method. The vein from 
case 70 was fixed by a method satisfactory for these pmposes, namely 
immersion for 10-14 days in formol-sublimate (Lendrum). The tissue 
from case 10 would seem, in the light of the findings in case 70 and as 
was suspected clinically some time after operation, to be a portion of 
the vein at a little distance away from the site of the actual lesion , 
the changes in the media (Fisher) can, we consider, be interpreted 
as a lesser degree of the medial changes now seen in case 70. It is 
therefore perhaps not surprising that no inclusions were seen m 
case 10. The lesion in case 46 is basically similar in that there is 
medial disruption and infiltration by new vessels, but there is m 
addition more fibrosis, some necrosis of rather indeterminate ty^t 
and the presence of small multinucleated cells which might well e 
a further stage of the cells described above as having convolu ^ 
nuclei. No inclusions are seen in these cells, but in some of the sma er 
wandering cells of the infiltrate there are rather poorly defeed, no 
very strongly phloxinophil areas. The poor fixation of this tissue an 
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Fio. 5. — Same vein. The darkly-stnmod mn<wce are remnants of the normal collagen 
of the vein wall. Tho surrottnding ondomatous material is traversed by young 
capillaries, fibroblasts and other cells with largo pale vesicular nuclei. Numerous 
polymorphs are scattered throughout. X470. 



Fio. C. — Same vein, revealing in greater detail tho variation in size and shapo of the 
largo vesicular nuclei. Some of the cells ore cndotlioHal, others fibroblastic and 
others again activated colls of tho rcticulo-cndothclinl system — reacting polyblnsts. 
Tho wolhpresoived appearance of tho polj*morphs is another feature of tho 
microscopic picture of this disease. X520. 
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the vagueness of the findings make us hesitant, hut in view of the 
deeisivo appcmanco in the florid cose 70, wo arc tempted to think 
that these reddish blobs may bo similar in nature.^ 

As a basis for speculation on the sequence of tissue changes in this 
disease we had material from the florid case 70 removed during the 
fastigium ; material fi:om ease 46, which on clinical grounds belongs to 
the long duration— low intensity typo and which histologically, with 
its fibrous proliferation, can be accepted as an example of the late 
stage of the disease ; and finolly, but of little value for the present 
purpose, material from cases 10 and 19 which W'o presume to have 
been obtained from the periphery of a lesion. Manson-Bahr and 
Charters report that they failed to find any evidence of inflammation 
in the wall of the veins examined microscopically ; it scorns not unlikely 
that they had obtained tissue wide of the essential lesion. From a study 
of the florid material how far can wo peer back into the preceding 
stages 1 Undoubtedly there has been some active stimulus to new 
capillary formation, a process commonly elicited by the presence of 
thrombus, fibrin or the gel that overlies the vascularised zone of 
granulation tissue, but in the vein under study none of these materials 
is conspicuously present in the wall. Thus farther search was made 
in the sections for anything that could be interpreted as a stimulus 
to capillary proliferation. Gram's stain and various Bomanowsky 
methods failed to reveal any organisms. The laioivn involvement of 
endothelial cells by riokettsiio led to the application of special staining 
methods for these agents, but again with negative results. It is, of 
course, not unlikely that methods evolved on Zenkor-fixed or properly 
formalin-fixed material (Nyka, 1944) would prove capricious or useless 
on our material. It was at this stage that the phloxin-tartrazino method 
was first used and immediately revealed the inclusion bodies described 
above. Now since the histological changes in the wall of this vein 
are quite unlike any ordinary bacterial lesion it is reasonable enough 
to assume the activity of some letiological agent other than bacteria, 
and since this assumption can, in our opinion, be made on the mere 
morphology of the lesion, the finding of inclusion bodies acquires extra 
significance and the possibility has to be considered that underlying 
both the peculiar tissue reaction and the presence of the pliloxinophil 
inclusions is infection with a virus. 

The part of the process after the fastigium — the defervescence — 
can be sufficiently imagined by comparison of cases 40 and 70. 
Certainly case 40 is justifiably interpreted as the late stage of a lesion 
ivith the characters hut without the original intensity of the lesion in 
case lO, This latter lesion, in turn, could well bo imagined as proceed- 
ing to organisation of the thrombus but accompanied by fibrous 
contraction in the wall and so to a gross stenosis of the vein with 
accompanying perivascular fibrosis. Such an idea would fit in well 
with the impression gained clinically that varying degrees of permanent 
venous obstruction can be brought about by tropical phlebitis. 
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Feeqtjenoy AOT) distbibetion 

It was obvious from our case reports that the disease occurring 
among the Bantu is not occupational and the higher incidence in 
males may well be attributed to the greater number in touch with 
hospital services (mine workers). This last category is mainly composed 
of workers, African and European, in the age group 20-40, and it is 
not surprising that the occurrence in old people has not been observed. 
One case falls into a younger group (no. 24, age 16), but curiously 
enough no other cases have been seen in children. Only three definite 
cases have been encountered in Europeans and the incidence is 
therefore, if anything, lower than among the Africans. Thus far 
no seasonal incidence has been established, although we have had a 
feeling that cases tend to occur in runs. It is therefore particularly 
interesting that the disease described by Manson-Bahr and Charters, 
which clinically resembles so closely the disease under discussion, 
should have been frankly epidemic. Among the African mine workers 
there was no correlation between length of service and incidence of 
phlebitis. 

The finding of involvement of the splenic vein in this disease 
raises the question whether some of the cases seen in Northern Rhodesia 
in the past and diagnosed as splenic softening or splenic abscess of 
unknown origin, may not have been cases of tropical phlebitis. 
Further, the observation that cases with a major lesion in the leg are 
commonly left with a severe postural oedema or a grossly and 
permanently thickened leg suggested (Fisher) that this form of phlebitis 
is the underlying cause of “ thick leg ” or “ Serenje leg ”, a condition 
by no means uncommon throughout central Africa. 

It would appear probable that tropical phlebitis is not a new 
disease but merely one which has at last been recognised, since our 
numbers for each of the years between 1936 and 1945 did not differ 
greatly ; 1943 with 19 cases gave the highest figure. Then, as t 
paper was approaching its final draft, Manson-Bahr and Charters 
published their study of epidemic thrombophlebitis. As we have 
little doubt that they are describing a manifestation^ of tropica 
phlebitis, it seems that the disease can assume an epidemic character, 
admittedly under the abnormal conditions of military semce, an 
that the geographical distribution of primary tropical phlebitis is now 
very widespread in Africa. Since the method of spread is stiU unknorm 
it would be well to consider the possibility that this new thing nug 
come out of Africa. Ex Africa semper aliquid novi. 

Stjmslaey 

A study is presented of 71 cases showing an acute 
(tropical primary phlebitis) of unusual chnical type. This has e 
observed in Africans and Europeans resident in Northern o ® 
and is believed to be a distinct clinical entity. 
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An apparently self'limiting acute disease, it may prove fatal if 
cerebral or visceral veins arc affected l in tlio limbs the obstructive 
results in the form of severe postural codoma or ehronio oodomatouB 
thickening of the leg may be surprisingly permanent. 

Bacteriological and hematological investigations have failed to 
suggest the cause, but histological examination of the focal lesion of 
the venous mall has revealed a peculiar t3rp6 of inflammatory change. 
In this there is gross interruption of the mall by granulation tissue 
composed largcty of new capillaries, with polymorphs and largo 
polyblosts; in some of the polyblasts it is possible to demonstrate 
phloxinophit inclusion bodies. Tho thrombosis would appear to be 
secondary to the intramural lesion. 

This study owes much to tho cnrofol tccluucnl work ond willing co-operation 
of Reginald Bertram English, whoso untimoly death from poliomyDlitis is keenly 
felt by his many friends in Africa. 

Our thanlca are duo to colleagues in Northern Rhodesia for their help in 
collecting cases and to Slossra W. Carson and AV, Penny (both of Glasgow) 
for assistance with the staining and photography. 


REFERENCES 


Enoush, R. B 

rrsinsn, A. C 

Geipantj, M 

LENoatrit, A. C 

P, E. C., asm 
CnARTERS, A. D. 

Nyka, W. 


1045. South African Med. J,, xix, 431. 
1041. Jbid„xv,XZ\s 
1944. Tho sick African, Cape Town, 
1047. This Jotmioh lix, 3D9, 

1040. ikincct, ii, 333.* 

1044. Tliia JourmU Ivi, 204, 


Postecript 

M. GoTfaud (Clinical Froccedinyj, Capo Town, 1940, v, 381) has described 
16 recent coses of idiopnthie tliromhophlobitis observed in Southern Khodesin : 
this disease, tho recognition of which ho attributes to Fisher, is he boliovea 
widespread tliroughout tropical Africa. Ho concliidas that jranson-Bniu- and 
Charters are describing tho some disease, fo one of his cn-sos there was a slight 
pulmonary embolism, in another thrombosis of a radiclo of tlm mesentorio vein 
(laparotomy), but both recovered. No histological descriptions are given 
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FURTHER OBSERVATIONS ON THE CHEMOTHEBAPY 
OF EXPERIMENTAL STAPHYLOCOCCAL INFEC- 
TION IN MTCE WITH DRUGS OF THE SULPHON- 
AJnDE GROUP, PENICILLIN AND ANTITOXIN 

F. Bbownino and K. M. Carver 

From the Department of Bacteriology, Vnivcrrity and 
Wcetem Infirmary, Qtasgoro 

The difficulties of observations on experimental staphylococcal 
infection in mice and assessment of tho value of chcmothcrapeutio 
agents have been emphasised previously and reference also made to 
work of others (Browning, 1940). 


Properties of siaphrjlococeiis strain used 

Our method of inoculation was that of Buttle (1937-38), consisting 
of an intraporitoneal injection of staphylococous culture in inuoin. 
The strain previously used, after some 250 mouse passages, was 
subcultured at montlily intervals and occasionally passed through 
mice in large doses over a period of 3 years. At the end of this time 
it had lost virulence and efforts to restore it by passage and so forth 
were unsuccessful. Previously we had found that a useful degree of 
virulence could not bo maintained in frozen or desiccated spleens, or 
even for a few days in mouse blood-broth cultures kept at —16° C. 
This is contrary to tho o.xperience of Ercoli et at (1046), who found 
that blood-agar slants kept in tho refrigerator were still virulent after 
a year. The strain used in the present work was isoliited from pytemia 
in a lamb ; it had been found to be markedly pathogenio for mice by 
Mr Angus Foggie, Moredun Institute, who kindly provided it, and 
this was confirmed in comparison with some 60 other pyogenic strains, 
mostly of human origin, examined by us. (It may bo noted here that 
in examining strains for virulence in the mouse, 0-6-1 c.c. of an 
18 hours’ broth culture was injected intraperitoneally, and a moat 
striking feature mos the frequency with which such a massive inoculum 
produced no ill effects whatsoever.) This organism is hfemolytio and 
coagulase-positive ; it ferments mannitol, h'quofies gelatin and forms 
pigment. To avoid as far as possible the effects of toxin production 
in oiiro all inocula were prepared from a suspension of an 18-hour 
"hormone” agar slope culture in 1 0 . 0 . of 5 per cent, aqueous mucin 
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(Miller, 1934-35), referred to hereafter as “undiluted suspension”. 
The organism has been maintained as far as possible by alternate 
mouse passage and culture of the heart blood on hormone agar. IVhen 
a mouse failed to die in 24 horns a subculture of an earlier passage 
was used. . Before each experiment, in order to ensure that the 
organism was in a satisfactory state of virulence for a therapeutic test, 
four mice were inoculated respectively with 0-5 or 1 c.c. of the undiluted 
suspension, and 1 ; 5, 1 : 50 and 1 : 500 dilutions in mucin and cultures 
made from the heart blood of those which died within 24 hours. The 
culture used for the subsequent passage was that which yielded the 
best growth. Three passages were made in this way. The therapeutic 
test was not undertaken unless 3 of the 4 mice of the third passage 
died from the infection within 24 hours. Thus the virulence was 
controlled almost continuously throughout, and from 83 such tests 
only 16 cultures were rejected. Table I summarises these virulence 

Table I 


Results of virulence tests in mice 


Inoculum 

Total no. 
inoculated 

No. dead acutely of Eoptl- 
caimla within 

No. of mice with chronic 
Infection 

Survlvon 
(slight 
or no 
lesion.^) 

24 hours 

1-2 days 

3-5 (lays 

late (loath 
with 

scptlca:mla 

Development of 
marked local 
abscess • 

0-6 o.c. undiluted 

67 

63 


1 

0 

6 

4 

0-5 „ 1:6 

58 

49 


3 

0 

3 


1 ,.1:6 

9 



0 

0 

1 


0-6 „ 1:60 

60 


6 

0 

1 

10 


1 „ 1 : 60 

9 


1 

0 

0 

1 


0-6 „ 1 : 600 

60 


5 


2 

14 

■9 

1 „ 1 : 500 

7 

■1 

0 


0 

4 

1 


• These animals were cWoroformed. 


tests. As observed previously, staphylococcal as distinct from 
streptococcal infections in mice frequently assume a chronic course 
with the development of local lesions in animals which survive for 
over 5 days. It is noteworthy that staphylococcal infection in tli® 
mouse often presents a clinical picture which resembles human 
infective diseases, since animals which appear severely ill, and even 
moribund, may recover from this acute phase. Mice described as 
having shown chronic infection have either died of staphylococca 
septicaemia after upwards of 5 days or appeared well for several 
and then developed severe abscesses, usually originating in the nee c 
track of inoculation. . _ 

Effect of varying dosage of inoculum. There was a marke a i 
off in severity of the infection, particularly as regards ^ jj 

within 24 hours, when the inoculum was reduced to 1 : c ? £4 

it was impossible to scrutinise all animals throughout t e rs 
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hours, it W 3 evident that the undiluted and 1 : 5 inoouln tended to 
kill more quickly then the 1 : 60 dose ; and a considerahlo proportion 
of the former were fatal within 8 hours— a period too short to permit 
of simultaneously administered therapy having any opportunity of 
success, Consequently it was decided that an inoculum of 0*6 c.c. 
of a 1 ; 20 dilution was optimal for tlierapoutio trials. This dose 
contained approximately 10 times the number of organisms previously 
used. 

Treatment with aulphonamidc drugs 

Tho drugs of the sulphonamido group used in our earlier e.xperiments 
were divided broadly into soluble and insoluble compounds, tho former 
represented largely by prontosil and sulphanilamido and tho latter, 
which proved to be tho more effective, by sulphapyridino and mono- 
acetyl diamino diphon)'! sulphone, these being equally active. ■■ In 
addition, the advantage of combined therapy with staphylococcal 
antitoxin was demonstrated. Farrell (1040) has also shown tho 
efficacy of antitoxin in his carefully worked-out method for tho 
relative evaluation of sulphonamido drugs in staphylococcal infection 
in mice. Tho value of this combined therapy has since been confirmed 
by Kolmer and Brown (1942), who found sulphapyridino and sulpha- 
tMazole especially active in this way, Tho results of Steinfiold ct al. 
(1942-43) with sulphathiazole have been similar. Like ourselves, 
however, they did not confirm tho 100 per cent, efficacy of antitoxin 
along with sulphamlamide originally claimed by Do and Basu (1938), 
who observed their animals only for 4 days. Combined therapy has 
since been adopted clinically to some extent, though apparently 
discontinued since penicillin became available. 

In the present experiments tho general scheme of infection and 
treatment followed closely that already described. In therapeutic 
tests infection was by intraperitonoal inoculation of 0-6 o.o. of a 
1 ; 20 dilution in mucin of the usual suspension of on 18-hour slope 
culture. Antitoxin, when given, was injected subcutaneously in a 
dose of 120-160 international units 18 hours before infection. The 
rationale of this mode of administration has since been confirmed by 
Farrell and Kitching (1940). Tho drug was injected subcutaneously 
as a dispersion, the dose shown being that for a 20-g. mouse. Three 
doses were admimstered— immediately after inoculation, and 6 hrs. 
and 24 hrs. later. All dosage was based on experience of the most 
effective treatment of highly virulent streptococcal infections in mice 
(M. W. Leckie, unpublished). 

Monoacetyl diamino diphenyl sulphone was included in tho present 
expmment (see table II, which summarises 8 series) in order to 
e^abhsh a comparison with our previous work ; and the newer, more 
effective compounds, sulphathiazole and sulphamezathine (sulpha- 
dimethylpyrimidine, sulphamothazine), were also used. All drugs 
were administered in combination with antitoxin, and mice treated 
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■with antitoxin alone served as controls. Table 'll shows the mice 
grouped as sur-nvors or as ha-ving run an acute or chronic course, as 
in table I. The proportion of survivors treated with antitoxin alone 

Table H 


Besults of treatment of staphylococcal infection in mice with 
sulphonamide drugs and antitoxin 


Drug and dosage at 0, 5 and 24 hours 
after inoculation 

Xo. of 
mice 

Xo. of 

Average length of 
life in days of 
mice dying within 
5 days 

iso. of mice 


deaths 

infection 

Xo. 



Pcrccht 

Monoucetyl diamino diphenyl 

26 

20 

■ 

1*3 

1 

5 

H 

sulphone (6-6 mg., 4 mg. X 2) * 

ft f* >1 )> f> ft 

72 

40 

1-0 

6 

26 

3B-1 

phis antitoxin 

Sulphathiazole (10 mg., 6'6 mg. 

26 

15 

1-3 

7 

4 

154 

X2) 

74 

22 

2-2 

7 

45 


plus antitoxin 

Sulphamezathine plus antitoxin 

36 

12 

1*4 

8 

16 

444 

(iO TTQgo 6*6 Tng.x2) 

Antitoxin alone 

72 

36 

1-6 

10 

2C 

364 

Untreated controls . 

74 

52 

M 

18 

4 

54 


* Dosage : — G-G mg., 4 mg. x 2 means, for a 20-g. mouse, C-0 mg. subcutaneously at time of Inoculation, 
followed by 4 mg, 5 and 24 hours later : other doses similarly. 

In all animals receiving antitoxin, this was injected subcutaneously 18 hours before Inoculation: 
dose *= 120-150 international units for a 20-g. mouse. 

was greater than with either sulphone or sulphathiazole alone— 
36-1 per cent, compared with 19-2 and 16-4 per cent, respectively. 
The result of combined antitoxin plus sulphonamide therapy showed 
60-8 per cent, sur-vivors with sulphathiazole, 44-4 per cent, with 
sulphamezatMne and 36-1 per cent, with sulphone. It seems remad'- 
ahle that the last figure represents a therapeutic result no better than 
•with antitoxin alone (72 animals were employed in each series). 
the result differs from those of all the other experiments in which 
combined therapy was employed, and these include penicillin, as 
well as from our previous work. We consider, however, that t e 
combined toxicity of the particular drug product plus infection ■was 
a limiting factor. In contrast to the finding of Ercoli ei al. mucin i 
not increase the toxicity of the drug in the dosage employed, nr 
mucin suspension was always prepared ficeshly for each day s expen 
ments, because it tended to become toxic on keeping, ^ 

With this strain of staphylococcus (except for four animals trea e 
with antitoxin plus sulphathiazole), all the 126 survivors after rea^^ 
ment with sulphonamide or antitoxin alone or combined, as we ^a^ 
the few untreated survivors, developed some local infection o 
abdominal wall at the site of inoculation. Healing occurred ultOTa 
and when examined post mortem after 3-4 weelvs, all prove 
firee from staphylococcal infectaon as judged both by 
appearance of organs and negative cultures of heart oo 
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previously noted (Browning, 1940), it is essential to obsoree for a 
period of at least three weeks, animals which appear well, and in 
assessing the results of therapy a considerable number of mice must bo 
used. Recognition of these points appears in the recent general trend 
of experimental work with staphylococci. Our results with sulpha- 
tliiazolo plus antitoxin as compared with sulphapjTidino phis antitoxin 
confirm the general finding that the former is the more active (Barlow 
and Homburger, 1939 ; Bliss and Ott, 1940 ; Kolmcr and Brown, 
1942 ; Ercoli el al., 1945). 


Treatment ivith penicillin 

The experiments with penicillin were similar in all respects to the 
above, treatment being given at the same intervals in the form of 
an aqueous solution. This plan has since been recommended by 
Jawetz (1946). Table III (which summarises 8 series) shows that a 

Taulu hi 


ReauUa oj treatment oj stapUytocaccal injections in mice with 
penicillin and antitoicin 


Dosage at 0, 6 &od S4 boon 

Ko. of 

Ko. of 
acute 
deaths 

ATcngc length of 
life in d&78, of 

No of mice 
nilh chroole 
Infection 

Survlvon 

oftex Inocolatlooi 

mice 

mice djrlng 
uithlQ 5 dam 

No.t 

Percent. 

Penicillin (150x3) * 

80 

16 

WBM 

C 

50 (25) 


„ (26X3)* . 

80 

36 


10 

28 (5) 

35*0 

M (25 X 3) * pitu anti' 

toxin 

78 

18 


8 

52 (25) 

00-0 

Antitoxin alono . 

69 

43 


3 

23 

33-3 

Untreated controls 

80 

51 

mM 

23 

0 

7-5 


• 150 x5 means 150 anita for a 20-g. moiuo Injected fnbcntaoeousljr at each treatment, etc. Antitoxin 
dosage as la table II. 

t The figure In brackets after no. of sun Ivors sbenrs the number of mice ftec from abscc' j formation. 
Ifo animals la ttds table are locluded In table 11. 

total dosage of 76 units of pcnicUlin for a 20'g. mouse was no more 
effective than antitoxin alone, while 450 units alone (about one-tenth 
of the amount tolerated as a single dose) cured over 70 per cent, of the 
animals. This is a liighor proportion of cures than was obtained with 
maximal dosage of the most effective sulphonamido drugs. Powell 
and Jamieson (1942) and Robinson (1943) have reached a similar 
conclusion in comparing peniemin with sulphathiazole. A striking 
and important feature with penicillin treatment was that a largo 
proportion of the survivors showed no abscess formation, in contrast 
to almost all the survivors in the series receiving sulphonamides and 
antitoxin alone or together and the few survivors ataong the untreated 
controls. It ^ especially noteworthy that antitoxin phis the smaller 
dose of penicillin gave almost the same result as the large dose of 
pemcilto alone, both as regards the proportion of survivors and freedom 
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Effect of antitoxin 

It is again emphasised that quite irrespective of the ultimate 
■outcome of treatment, -whether with sulphonamide drug or penicillin, 
the animals which received antitoxin were never as ill during the first 
6-8 hours after inoculation as those treated -with a drug alone. 
Accordingly, there is an additive effect similar to that previously 
•demonstrated -with antitoxin plm a sulphonamide drug. This may 
have a bearing on the treatment of staphylococcal infections in the 
human subject where toxmmia is a marked feature. 


Summary 

1. A mousC'-virulent strain of Staphylococcus aureus suitable for 
•chemotherapeutic trials was maintained by practically continuous 
alternate mouse passage and culture of the heart blood, the inoculum 
being given intraperitoneally in mucin. To maintain the -raulenco 
•of the strain it is important that the organism used should kUl a high 
proportion of mice -within 24 hours. 

2. In confirmation of our pre-vious work, sulphonamide drugs phis 
antitoxin are in general more efifective than drugs alone. 

3. When sulphonamide drugs are administered along -with anti- 
toxin, sulphamezathine and especially sulphathiazole are more effective 
than sulphapyridine and sulphanilamide. None of these drugs, 
however, prevents the development of local lesions at the site of 
inoculation. 

4. Penicillin is more effective than sulphathiazole in respect both 
•of number of sur-vivors and freedom from development of local lesions. 

5. The value of combined penicillin and antitoxin therapy has been 
demonstrated. A small dose of penicillin (relatively ineffective in 
itself) plus antitoxin is as effective as a large dose of penicillin alone. 

6. Infected mice which received antitoxin were always in markedly 

better condition at an early stage than those which received any 
•drug alone. . 

7. A possible advantage of combined antitoxin and penicillin 
therapy in man is indicated. 

We have to thank the Rankin Fund of Glasgow University and the Brifch 
Empire Cancer Campaign for grants toward the expenses of this -work- 
supplies of the sulphonamide drugs we are indebted to Imperial Chemic 
Industries Ltd., for penicillin to the Medical Research Council and for mo 
to the Wilson Laboratories, Chicago. 
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()5, ^'-dichlorodiethyl methylamine hydrochloride) 

THE EFFECTS OF p, /3'-DICHLORODIETHYL IMETHYL- 
AMINE HYDROCHLORIDE ON THE BLOOD- 
FORMING TISSUES 

G. R. Casiebon, F. C. Couktice and Eosa P. Jones 
From the Experimental Station, Porton, Wtlto 


(Pjuate LIX) 

In poisoning by mustard gas (dichlorodiotliyl sulphide) tho blood- 
forming organs may be damaged with a resulting leucopenia (Stewart, 
1918 ; Cameron, unpublished). Buring the recent war nitrogenous 
compounds resembling mustard gas in many of their properties and 
actions were investigated in England and America. A summary of 
the investigations made with this group of substances, the so-called 
“ nitrogen mustards ”, has recently been published in America 
(Gilman and Phihps, 1910). 

One of these nitrogen mustards is p, /5'-dichlorodiethyl methylamine, 
which is a vesicant liquid, whereas its hydrochloride is a white, water- 
soluble crystalline substance. It is the hydrochloride which has been 
used in these investigations. It was shown both by English and 
American investigators that this substance has a consistent action 
on the lymph glands, spleen and bone marrow, causing a leucopenia. 
American investigators have also used it therapeutically in man in 
cases of Hodgkin’s disease, leulnemia and new-growths (Rhoads, 1946). 

The expenments here reported deal with the changes occurring 
m the blood-forming tissues, the blood-cell counts and the production 
of blood cells after administration of this nitrogen mustard in rabbits 
and dogs. 


SlETHOnS 

In tli0 experiments in which the thoracic duct was cannulated in dogs, the 
animals were aniesthetised with Kembutal. Otherwise all animals wore 
nnaniesthetised. Blood samples were taken from tho ear vom m rabbits and 
from the jugular vom m dogs. Blood counts were made m tho usual way. For 
differential white cell counts 600 or 1000 colls were counted, except when the 
white cell count was extremely low, m which case four blood films had to be 
searched to count 60 white cells. Sections of the blood-fomung tissues were 
stamed with Ehrlich’s acid hsematoxylm and eosm, Woigert’s iron hrematoxylm 
and van Gieson, and Giemsa and GSmOri’s roticulm method. 
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The ^'-dichlorodiethyl methylamine hydrochloride Tras always freshly 
made up in distilled water just before injection and was given either intra- 
venously or subcutaneously, the response being similar by either route. 


Resuxts 

Histological changes in the blood-forming organs 

Lymph glands. With, doses of 2 and 3 mg./kg. body weight, 
progressive necrosis of the germinal centres with infiltration of 
polymorphs commences as early as 3-6 hrs. after administration in 
both rabbit and dog (fig. 1). The necrotic debris is cleared away by 
24 hrs., when larger reticulo-endothelial cells occupy the middle of 
the germinal centres. If the animal survives, the germinal centres 
appear normal again by the 9th day, the large number of polymorphs 
gradually disappearing. Similar changes occur with doses of 1 mg./kg., 
but the depletion of the germinal centres is less. 

Spleen. The changes closely resemble those seen in the lymph 
glands (fig. 2), 

A neat demonstration of the early onset of splenic injury is possible 
with intra-ocular splenic grafts in rabbits. Four to 6 weeks prior to 
the injection experiment, tiny pieces of the animal’s own spleen are 
inserted into the anterior chamber of the eye where they often groTr 
into miniature spleens. If such grafts are watched with a magnifying 
glass and suitable illumination, they are seen to change colour from 
red to yellow 2-3 hrs. after nitrogen mustard is injected intravenously. 
Occasionally the colour change sets in within an hour of injection. 
Microscopical signs of necrosis appear shortly afterwards. 

Bone marrow. With doses of 2 and 3 mg.fkg. there is no obvious 
change during the first 5 hrs. except some congestion of the sinusoids. 
From 24 to 72 hrs. there is a rapid depletion of the myeloid tissue, 
the sinusoids becoming congested and the stroma oedematous (fig- ^)- 
New hsematopoietic foci appear after a few days in animals which 
survive (fig. 4), and regeneration is complete in about 1-3 weeks. 

The red and white cells in the blood 

Effect of a single dose. Unansesthetised rabbits and dogs were used 
in these experiments. In the normal dog the lymphocyte count is 
much less than the granulocyte count and eosinophils are much mow 
numerous than basophils. In the rabbit the lymphocyte count is 
usually greater than the granulocyte count and there are more base 
phils than eosinophils. Despite these normal differences the effect o 
jS, ^'-dichlorodiethyl methylamine hydrochloride was similar in the vfo 
animals. The blood of 32 rabbits was investigated before and^ 
varying times after the administration of 1, 2 and 3 mg./kg- ” 
cases the results were fairly consistent ; the larger the . 

greater the fall in the white cell count. Typical results are s o 
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table I, which gives the mean wlute-ccU counts in a group of 5 rabbits 
before and after the intravenous administration of 1 mg./kg., and 


Tahije I 


Blood whilo-cdl counts, thousands per c.tnm., before and after injections 
of p, fi'-diddorodiethyl incihylaminc hydrochloride 


(al Meaa ol B rabbUa, 1 mg./kg. intravenously, unaurastliotlsod 

Total 

Xeutrophih 

Ljmpliocytcs 

Basopliili 

Before injection 

6 hrg. after injection . 

1 day „ «, 

2 days „ .. 

3 1, ti i< ' 

4 H 1* •• 

5 • 

7 tt It »» 

lo-e 

10-3 

00 

3-1 

M 

0-4G 

2-8 

O-I 

513 

3*21 

404 

1^08 

007 

001 

0*10 

0*07 

6*30 

2*99 

1*29 

1*38 

1*00 

0-44 

201 

2*87 

0*16 

0*17 

0*0G 

O'Ol 

001 

0-00 

0*02 

0*13 

(A) Mean ot S doga, 2 mg./kg, aukcutaneoualy, unaneeathetiaed 


Total 

Nctitropitns 

tyioptiocytca 

EoalnopWla 

Before injection 

12-8 

8*11 

2*83 

]*80 

1 Jir. after injection . 

J3‘4 

000 

2 *91 

J*J9 


16-5 

U-94 

1*88 

1*69 


18'0 

14*97 

1*88 

Ml 


10-5 

17*60 

1*34 

0*55 

6 tt It M 

22-0 

20*73 

1*34 

0*38 

24 It II M • 

10-8 

10*50 

0*30 

000 


the mean counts of a group of 6 dogs before and after the subcutaneous 
injection of 2 mg./kg. In the case of the dogs, changes later than 
24 hrs. are shown in fig. 0 (p. 431). 

In rabbits the neutrophils at first showed a considerable increase, 
beginning 1 hr. after administration. After this initial rise, which 
might last 24 hrs., the neutrophil count fell to reach a minimum on the 
3rd or 4th day. As seen from the table the count might reach almost 
zero, and yet the animal might survive. If the animal survived, the 
count rapidly rose on the 5th day and was usually back to normal on 
the 7 th day. The lymphocyte count fell from the beginning. In 6 hrs. , 
as seen in table I, it had fallen considerably and continued to fall 
until it reached a minimum on the 3rd or 4th day. Prom the 5th day 
onwards the lymphocytes rose rapidly to normal. The basophils in 
rabbits and the eosinophils in dogs behaved in a similar manner to 
the lymphocytes and practically disappeared from the blood. They 
returned with the recovery of the other white cells. 

Effect of Tcpented doses in rabbits. In the above experiments the 
fall and subsequent rise in all elements of the white-eell eount were 

J. PATH. BICT.— VOL. IIX Sr!) 
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SO rapid that the red-cell count was not much altered, even though 
the bone marrow was considerably damaged for a short time. Repeated 
doses were therefore given to keep the white-cell count low for a 
period of about 4 weeks and the effect on the red-cell count observed. 
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this way all white colls wore kept at a low level continuously for 
about 4 weeks, daily counts being made. The results of a typical 
experiment are shown in fig. fi. In these experiments, the red-cell 
count fell only gradually, even though the neutrophil count was dail^ 
below 1000, indicating considerable damage to the bone marrow for 
4 weeks. At the end of tins time, when the injections ceased, the 
white-cell count rapidly rose, accompanied by a reticulocyte response 
and a rise in the red-cell count. 

These results suggest that the production of both neutrophils and 
red cells in the bone marrow is greatly reduced, but the life of the 
circulating red cell is much longer than that of the neutrophil. 


The production of the blood cells after the administration of 
P'-dicMorodiethyl methylamine hydrochloride 

I/ymphocytes. Dogs were used in this investigation. Por the 
collection of lymph, the dogs were aniesthotised with Nembutal. 
The thoracic duct was cannulatcd and the lymph collected in hourly 
periods for 6 hrs. White-cell counts were made on each sample of 
lymph. At the same time hourly samples of blood wore taken for 
white-cell counts. This procedure was carried out in normal dogs 
and in dogs 1, 2 and 3 days after the administration of /S, j3'-diohIoro- 
diethyl methylamine hydrochloride. In these last three groups, the 
substance was administered in the unanajsthetised animals and the 
blood counts followed for the stated time. Then Nembutal was 
given, the thoraoio duct cannulatcd and the lymph collected. Thus 
only the lymphocyte production in the drainage area of the thoracic 
duct was determined, but tliis is probably by far the greatest source 
of lymphocytes in tho blood. The thoracic duot was cannulatcd in 
the morning with tho dog in tho post-absorptive condition. No 
transfusions were given to increase tho lymph flow. 

Efiect oJ Nembutal anmstbesia on the white-coU count in dogs. 
As the lymph was collected under Nembutal anaesthesia in all 
cases, control experiments wore made to ascertain the ofieots of this 
anaisthetio on the white-cell count in the blood. In table II are 
shown the changes in the white-cell counts of the blood in B dogs 
under Nembutal anaesthesia for 6 hrs. No operation was performed 
except venepuncture of the jugular vein for samples of blood every 
hour. The neutrophil, lymphocyte and eosinophil counts all fell 
somewhat after Nembutal, 

However, if the operation of cannulating the thoracic duot is 
performed, the white-cell picture of tho blood is as shown in fig. 6 (a). 
The operation consists of an incision in the lower part of the left side 
of the neck and tho clearing of tissue to enable the thoracic duct to 
0 cannulatcd just before it enters the vein. The neutrophil count 
s ows an initial fall, followed, during the succeeding 6 hrs., by a 
very considerable rise. During the 6 hrs. that the thoracic duct 
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lymph was collected, the lymphocyte count of the blood decreased 
as the majority of lymphocytes were not entering the blood streaniv 

Tabie n 

Effects of Nembutal anaesthesia for 5 hrs. on white cell counts, 
thousands 'per c.mm., ‘in normal dogs. Mean of 6. No operation 



Total 

Neutrophils 

Iiymphocytes 

Eosinophils 

Before Nembutal 

11-56 

8-22 

2-21 

1-13 

i hr. after Nembutal 

9-88 

6-83 

2-22 

0-83 



9-25 

6-73 

1-49 

1-03 

2 hrs. „ 


9-18 

6-70 

1-64 


4 


9-12 

6-92 

1-35 


5 „ ,, 

>> 

10-07 

7-84 

1-48 

0-76 


The fall was not steady, however, and towards the end a slight rise 
was usually observed. The fall in the eosinophil count was continuous, 
and at the end of 5 hrs. the eosinophils had almost disappeared from 
the circulating blood. Where they go is not known. 

Lymphocyte production in normal dogs and in dogs 1, 2 and 3 
days after the injection of 2 mg. of nitrogen mustard per kg. 
The average results of these experiments are shown graphically in 
fig. 6. Fig. 6 (a) represents the mean results in 5 normal dogs. The 
lymph flow and lymphocyte count of the lymph varied somewhat 
in individual dogs, but this variation did not compare with the 
changes seen after the administration of ^'-dichlorodiethyl methyl- 
amine hydrochloride. 

Fig. 6 (6) depicts the mean results of experiments on 4 dogs one 
day after injection. The blood lymphocyte count had fallen from 
2500 to 530, the eosinophil count from 1200 to 90, while the neutropWl 
count had risen from 7600 to 16,500 before Nembutal was givem 
After collecting the lymph for 5 hrs. the lymphocytes and eosinophils 
fell further, while the neutrophils rose somewhat. This rise, however, 
was not as great as in normal animals. The lymph flow in these 
animals was reduced to less than half that of normal dogs, while t e 
lymphocyte count in the lymph had also fallen considerably. Thus t le 
output of lymphocytes from the lymph glands was very great y 
decreased. 

Fig. 6 (c) depicts the mean results of experiments on 4 dogs vo 
days after injection. At this time the blood lymphocytes an 
eosinophils were at an even lower level than in the previous 
ments. The lymph flow was about half normal and the lymp o^ 
count in the lymph was farther reduced. The output of lymp .. 
was thus still greatly reduced on the second day. The neu 
count in the blood was about the same at the end of two days 
normal count, having first risen and then fallen. When the ^ 

ansesthetised and the thoracic duct caimulated, the neutrop 
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^ Fw. 0. — ^Effect of p'-dicWoTOtUofhyl nj©l\iy\atn»nt> ^ydrocWorido, ^ Tog.J^ig. sub* 

^ cuioneotisly, on tho -white'CeU count (N =»bputrt>ph}39, 1* «« lyrapbocytes, J3 « 

f ^ cosinophiU), thoracic duct \ymph flow and fymphocyto content of lymph in dop. 

{a) Mean of 5 nonnal dogs. 

<; ^6) Meon of 4 dogs I day after injection. 

^ {t) ^iean of 4 Aoga days „ „ 

^ (dj Mean of 4 dogs S „ „ „ 

!■'’ Sig. 6 (d] stovrs tho mean results of 63q)erim6nta on 4 dogs throo 
[S'?' days after injeetion. On tlio 3rd day there -wero very fern white cells 
4 ** in the Wood — 600/o.mni. in these experiments. The lymphocytes 
and eosinophils hod practically disappeared. Canmdation of the 
/■ thoracic duet gave no neutrophil response. The lymph flow was 
still about half normal, hut the lymphocyte count was very low, 
jjff' so that the output of lymphocytes by the lymph glands was now 
j?* V very greatly reduced. 
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The totel number of lymphocytes in the blood — assuming a blood 
volume of 79 c.c./kg. (Courtice, 1943-44) just before lymph collection 
— and the production of lymphocjdes in these experiments are 
summarised in table HI. Tliis table shows how the blood lymphocjies 

Table HI 

The lymphocytes in the blood and thoracic-duct lymph in dogs before and after 
the subcutaneous infection of p, p'-dichlorodiethyl melhylamine hydrochloride, 
2 mg. [kg. Dogs under Nembutal anaesthesia. Figures in brackets denote 
number of animals in each group 


— — ^ 

liTmphocj-tcs In blood at 
beBlnnlDB of lymph collection 
(millions per kg. body weight) 

Lymphocytes In lymph. 
Mean of 5 hours collection. 
(inUlons/kg./hr.) 

Controls (6) 


108 

6-7 

1 day after injection (4) 

25 

2-2 

2 days „ 

.. (4) . 

12 

2w 

3 11 

.. (4) . 

4 

0-0 


and the production of lymphocytes fell with progressive damage to 
the lymph tissue. . 

Production of red cells after /3, ^'-dichlorodiethyl methylaminc 
hydrochloride. It was observed that after a single injection, the 
white-cell count might fall to an extremely low level for a few days 
with temporary damage to the bone marrow. The red-cell count, 
however, did not alter much. During repeated doses the neutioplul 
count was kept low for 4 weeks, with a gradual fall in red-cell count 
from about 5^ to 4 million. This suggests that the normal replacement 
of red cells had been much decreased. 

To demonstrate that red-cell production is reduced when the bone 
marrow is damaged, the reticulocjfte response to hcemorrliage m 
normal rabbits and in rabbits in which the neutrophil count had 
been kept low was investigated. In a group of normal rabbits, rcd-celi 
and reticulocyte counts were made daily before and after two 
haemorrhages of 14 c.c./kg., one on each of two consecutive days. 
In another group of rabbits the neutrophil count was kept low or 
several days by repeated injections of j8, jS'-dichlorodiethyl met y 
amine hydrochloride. During this period of leucopenia, these anima s 
were bled on 2 consecutive days to the same extent as the con ro 
group. The results are shown in fig. 7. Following the hmmorr agcs, 
the red-cell covmt in the control group fell from 5-4 to 2'9 
per c.mm., wliile that of the second group fell from 5-3 to 2-9 rm om 
per c.mm. Thus the degree of anremia was almost identica m ca 
group. In the control group there was a sharp reticulocyte 
on the second day after the second hsemorrhage, reaching a P 
on the third day. In the other group the reticulocyte 
delayed, only rising to a considerable height when the injection 
discontinued. The rapid rise in the reticuloc^es 
the rise in the neutrophil count. The results in indin ua 









NITliOQEN MUSTAJtD AND BLOOD-FORMING TISSUES 433 


■were Bunllar as far as the timo factor was concerned, so the average 
figures give a true picture of tlio course of events. These experiments 



Fig, 7. — ^Tlie reticulocyte responso to hroznorrhages, 14 c.c./kg. on each of 2 successive 

days, in normal rabbits (x x) and in rabbits after repofttod injections of 

/J'-dichlorodiethyl methylamino hydrochloride 


suggest that when the bone marrow is damaged and tlie neutrophil 
count is low, the production of red cells is much reduced. This leads 
to ancemia if the lesion is maintained for a prolonged period. 
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Discussion 

The action of this nitrogen mustard on the blood-forming organs 
has been shown to be very rapid, with an equally rapid recovery. 
The fall in the white-cell count of the blood is greater and quicker 
than that of the red-cell count, because the life of the circulating wliitc 
cells is very short compared with that of the red cells. Thus as soon 
as the production of white cells is reduced by the action of jS, jS'- 
dichlorodiethyl methylamine hydrochloride on the lymphatic tissue 
and bone marrow, the blood white-cell count falls suddenly to a Ion- 
level. The red-cell count on the other hand is not so much altered, 
even though fewer new red cells are being formed. In all the animals 
that survived, the white-cell count rapidly recovered when the 
injections ceased, in spite of quite considerable damage to the blood- 
forming tissues for longer or shorter periods. The blood-forming 
tissue thus has a truly remarkable power of recovery. 

This action of the nitrogen mustards resembles that of X-rays. 
Dor this reason their effects on such diseases as Hodgkin’s disease, 
leukaemia and new-growth have been investigated (Rhoads). One 
of the disadvantages of their therapeutic use is the generalised damage 
to all the blood-forming tissues. In lymphatic leuksemia or Hodgkin’s 
disease, for example, not only the Ijnnph glands but also the bone 
marrow -will be affected. Another disadvantage is the transient nature 
of the damage. Even if repeated injections are given for 4 weeks in 
normal animals, recovery is complete a few days after the cessation of 
these injections. A farther disadvantage is the gradual anaemia which 
is produced by prolonged bone-marrow damage. This, however, can be 
corrected by lilood transfusions. In several experiments with rabbits, 
after )3, j8'-dichlorodiethyl methylamine hydrochloride, blood trans- 
fusions increased the red-cell count considerably but had no effect 
on the low white-ceU cormt. 

Summary 

The effects of one of the nitrogen mustards, )3, ^'-dichlorodiethyl 
methylamine hydrochloride, on the blood-forming organs have been 
investigated in rabbits and dogs. 

There is progressive necrosis of the germinal centres of the lymp 
glands and spleen, with polymorphonuclear infiltration, commencing 
as early as 3 hrs. after injection and progressing until the 3rd ^ 
day. The bone marrow shows at first congestion of the sinusoids an 
then a rapid depletion of the myeloid tissue from 1 to 3 days a ter 
injection. Recovery occurs in about a week. . . . v. d 

The white cells of the blood are affected. A neutrophiha is o 
during the first 24 hrs., followed by a neutropenia. The lymphocyw=^ 
basophils and eosinophils begin to fall within a few ^ 

injection. The fall in aU cells is at a maximum on the 3rd or > 

and from the 6th to the 7th day all cells return to normal u 
animal survives. 
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The red colls are little affected by a single dose, but repeated 
injections for 4 weeks cause progressive ona!niia. 

Collection of the thoracic-duct lymph in dogs shows that lymphocyte 
production is greatly reduced as the blood lymphooyto count falls. 
The production of neutrophils is also greatly decreased, ns there is no 
neutrophil response to trauma when tho bone marrow is damaged. 
The formation of new red cells is likowiso decreased, ns tho nomial 
reticulocyte response to htemorrhago is not observed when tho 
neutrophil count is kept low by repeated injeotions, but is evident as 
soon as tho neutrophils rise on cessation of tho injeotions. 

Our aoloiowlodgments arc duo to tho Diroctor-Gcnorol, Soientifio Bosoarcli 
and Devoiopment, Slinistiy of Supply, for pomiission to publish this 
iavestigalion. 
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THE IIYOEPITHELTDM IN CERTAIN 
TTOIOURS OF THE BREAST 


Rosesiary Biqqs 

Department of Pathology, Padclijjc Infirmary, Oxford 


(Plates LX-LXIV) 

Mixed epitlielial and mesodennal tumours are rare, though some 
tissues, particularly sweat glands and salivary glands, often give rise 
to tumours of mixed appearance. In these, the stroma probably 
arises from the proliferation of a special layer of colls, the so-oalled 
myoepithelium (Hamperl, 1931 ; Sheldon, 1941, 1943). These cells, 
which develop from the embryonio epithelium (Poyron, Corsy and 
Surmont, 1926), lie outside the epithelium typical of the gland and 
often aocpiire the form and staining reactions of smooth muscle. 
Tumours derived from both epithelium and myoepithelium may 
appear “ mixed ” but they are wholly epithelial in origin, 

von KoUiker (1848-49) first described the myoepithelium when he 
found smooth muscle cells within the basement membrane of sweat 
glands and apocrine glands. Later, similar cells were described in the 
breast, salivary glands and mucous glands of the palate. In the 
breast the myoepithelium is discernible between the 7th and 8th 
months of intra-uterine life. Initially the cells are rounded and may 
remain so, or they may become spindle-shaped, often with the 
staining reactions of smooth muscle. In animals, particularly the 
bitch, mixed tumours of the breast are common ; in these, as in the 
mixed salivary and sweat gland tumours of man, the complex stroma 
arises from the myoepithelium (Peyron, 1924 ; Poyron, Corsy ond 
Surmount, 1926 ; Peyron and Montpellier, 1932 ; Hamperl, 1939-40). 
Hamperl (1939-40) found mixed epithelial and myoepithelial pro- 
liferation in human mastopathy and suggested that some mixed 
tumours of the breast might be partly myoepithelial. Durante and 
Roulland (1921) ond Gaudier, Grandolaude and Lambert (1931) 
described human breast tumours in which the myoepithelium was 
probably involved. 

The purpose of the present study is to compare the myoepithelial 

3 . TATB. BACI.^TOt. IZX 437 





438 


B. BIGGS 


proliferation which was found in certain human breast tumours with 
that which occurs in breast tumours of the bitch. 

Techkique 

The specimens were fixed in 4 per cent, formol-saline. Paraffin sootiona 
were stained with hsematoxylin and eosin, Masson’s triclirome stain and a 
modification of Foot’s reticulin impregnation. 


Tumotjes of the breast in the bitch 

In these tumours, glandular epithelium occurs in a stroma which 
may contain smooth muscle, myxomatous material, cartilage and 
bone. Nine mixed tumours were examined. It is not proposed to 
describe these in detail since their study confirmed the findings of 
previous writers. 

In most of the tumours, an epithehal type of reticuhn pattern is 
present (fig. 4). Epithelial acini and masses of proliferated myo- 
epithelial cells are sharply delimited (fig. 1), but in parts of the more 
complex tumours reticulin, collagen, cartilage and bone may bo 
deposited in what, from its general structure, appears to be a myo- 
epithelial stroma (figs. 2 and 7). In some places it is not difiScult to 
trace a transition from groups of myoepithelial cells to isolated cells 
morphologically indistinguishable from chondrocytes (fig. 3). The 
individual myoepithehal cells are either rounded and vacuolate or 
spindle-shaped, often with the staining reactions of smooth muscle. 

In one animal the breast contained three hard masses which show 
a progressive increase in reticulin formation. In one tumour there 
is a clearly glandular pattern with marked myoepithelial proliferation 
(fig. 4) ; in the second, areas of spindle cells, mainly with the staining 
reactions of smooth muscle, are delimited by reticulin outlines, but 
fine strands of reticulin occur also between the individual cells (fig. 5). 
In a lymph-node metastasis traces of the original pattern remam, 
but the fine reticulin network is so prominent that histologically the 
structure is that of a sarcoma (fig. 6). In a case of this sort it is 
impossible to be certain that one is not dealing with several completely 
different types of tumour, but the transitions of structure shown 
suggest that they may all be of epithelial and myoepithelial origin. 

The rmusual structure of these tumours makes it difficult to assess 
the degree of malignancy. Three of the nine were malignant by 
ordinary histological criteria. The remaining six had a highly complex 
structure and, since the clinical course was not followed, it is impossi e 
to be certain whether they should be considered benign or malignan . 


Thmohes of the HiraiAN breast 

The structiue of the human tumours is seldom as complex m those 
of the bitch. Nevertheless there is often myoepithelial prolifera lon 




Tie I — Mixed tumour of bitclj slioumg ft 
flmgl© nemvw of clcojiU stmning cpitheJiftJ 
cells and loosoK nrrongcil mtoepUlielml 
cells ftluirplj difTerentmtcd from fho 
surrounding stromu (RISK 498/4*^ ) 
xllO 


Tm 2— ^h\ed tumour of hit<)s honor 
)i«lf, tnrJjroumstmn, iiRlK’r Jmlf, 

rti/ewlm rniprtgnfttion IJio ]o\vcr pnrt 
fthons of mj £>o/7/t)ir*}/ d eW?-? and 

ftomo de^pI.v efummg cpd>i(')ml ooini In 
tbo upper purl tbo form/iticm of rcticulm 
bctucoa tlio mjooiritlitltftl toHs ninj bo 
ewn (RlSIf 014/4'J) xllO. 
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Fig 9 — Chronic mnstopathj Upper loft, 
masses of proliferated epithelial and 
myoepithelial ceU« Louor right, dcmio 
fibrous stroma m^ihtcU indiMdunl spmdio 
shaped mj oepithelial cells may bo discerned 
Jlnsson’s triehromo stnm (R I S H 
1517/45) XllO 



J’lo 11 Intraduct pnpillomn of the human 
reast Bhoumg looselj arranged mjo 
epithelial hjer (RISK 178^/40) X 75 
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Fxc 10 — Mnstopathic nodiilo m tho human 
breast showing mjocpithelml proliferation 
and small groups of mjocpitliclml cells m 
tho stroma (RISK 3201/40 ) x300 



Fic 12 — Single acinus from mtrocluct 
papilloma shown m fig 11 Deoplj staining 
opithohum and pale stnmingmjocpithehuni 
are showTi Imnie(lmtel> above tins there 
IS n honzontnllj arranged mj ocpithelml cell 
withthe staining reactions of smooth muscio 
nnd showing longitudinal fibrils in the 
cj topJasm {R I S H 1 785/45 ) x 5 1 0 








Fro. 13.— Introduct papiUoma of tho brcrwt 
shotvn in figs. H and 12. Loss regularly 
arranged myoepithelial colLs, (R.LS.H.) 



Fro. 15 . — Cnso 1. Showing masses of 
irregular epithelial and myoopithelial colls, 
{B.I.S.H. 1307/44.) x HO. 


Flo. 14. — Cii ‘^0 1. 511X011 tumour of tho 

human breast showing small opithoHnl coll 
masses, colhilnr stroma and bono formation. 
llt.l.S.li. ia0‘;44.) xllD. 



Fio, 16. — Caso 1. Showing a mass of (?) 
myoepithelial cells merging with tho siir- 
rovmdmg cellular stroma. (R.I.S.H. 
1307/44.) xllO. 
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mtobpjthelwm in sbeast tvmoves 

and some suggestion that myoepithelial colls may play a part m the 
formation of the stroma. The tumours studied wore 

I. Proliferative mastopathy and intraduot papilloma. 

II. Mixed tumours. 

in. Malignant tumours. 

IV. Tumours classified as Brodio’s soro-oyatio disease ol tlio 
breast. 

Proliferative maslopathij and intraduct papilloma 

In mastopathio nodules and intraduct papillomata it is not 
uncommon to find some myoepithelial proliferation. Of one hundred 
specimens of mastopathy examined, twenty-five showed moderate 
and four marked myoepithelial overgrowth. This hyperplasia has 
been described by Gunther (1937), Hamporl (1939-40) and Kuzma 
(1943). Ail these authors emphasise the fact that although tho 
hyperplasia is benign, it may simnlato carcinoma. 

Three examples of mastopathic myoepithelial proliferation aro 
illustrated in figs. 8-10. In all these there is some difliculty in 
distinguishing myoepithelial cells from stroma. In one case (fig. 8) 
the stroma contains smooth muscle which may ho myoepithelial, 
though this is difficult to prove, for a smooth-muscle coll onco detached 
from a glandular acinus has no characters by which it may bo 
difiPerentiated from a similar cell of mesodermal origin. 

The type of myoepithelial proliferation common in intraduot 
papillomata is shown in figs. 11-13. In some areas tho myoepithelial 
colls, which aro either vacuolate or spindle-shaped with tho staining 
reactions of smooth muscle, form a clearly defined layer ; in others 
tho layer is several cells in tlilckness. 


Mixed tumours of the human breast 

In comparison with tho bitch, mixed tumours of the human breast 
are rare. In a review of tho literature from 1860 to 1945 Rottino 
and Wnison (1945) record 78 cartilaginous and bony tumours. These 
include 7 enchondromata, 21 chondrosarcomata, 8 osteoohondromata, 
12 osteochondrosarcomata, 5 osteosarcomata and 25 giant-cell tumours! 
Other mixed tumours include an adenomatous tumour with smooth 
muscle in the stroma described by Abramow (1901), two carcino- 
sarcomata with a leiomyoraatous stroma described by Hamperl 
(1039-40) and carcinomata with a spindle-celled stroma described 
by Hertzler and ICoenoke (1933) and Tudhope (1939). In addition 
bemgn leiomyomata were described by Strong (1913), Melnick (1932) 
and citein (1942). ' ' 

present series all showed 
or bone containing smooth muscle, cartilage 
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Case 1 

The patient, aged 76, had noticed a mass in the left breast for sis months. 
On admission the left breast, -which -was larger than the right, was wholly 
replaced by a hard mass -with cystic areas. Since this -was not fixed to tho 
pectoral muscle and axillary lymph nodes -were not palpable, it -was remoTOl 
by local mastectomy. The patient made an imeventful recovery and -vras 
■without e-vidence of recurrence one year later. 

Macrosoopioally the tumour (R.I.S.H. 1307/44) -was a hard encapsulated mass 
measuring about 8 cm. in diameter. On section, it contained t-wo mam cystic 
qoaces and was of an vmusually firm, rather gritty consistency, with areas 
resembling cartDage. 

Microscopically, the stroma is made up in part of densely aggregated spindle 
cells and collagen and in part of a loose network of cells -with little intercellular 
substance. There is some hyaline change in the stroma but no true cartilage. 
Small areas of bone are numerous and giant cells are widely distributed, some 
being applied to the bony masses like osteoclasts (fig. 14). The cystic spaces 
are lined by epithelium and epithelial masses occinr throughout tho stroma. 
Some of these show squamous metaplasia (fig. 16) and in some tho cells arc 
spindle-shaped, -with the staining reactions of smooth muscle. A myoepithelial 
layer is usually present, and in some cases this is closely applied to bone. It 
is often difficult to draw a sharp distinction between the myoepithelium and 
the stroma, because strands of cells apparently arising from the myoepithelium 
merge with the stroma and the cells are morphologically similar (fig. 1C). 


Case 2 


A woman aged 65 had noticed for seven months that her right breast waa 
enlarged. It increased rapidly in size and on admission was five or six times 
larger than the left. No axillary lymph nodes were palpable. The growth was 
removed by local mastectomy and tho patient made a good recover}’. One 
year later there was no recurrence. 

Macrosoopioally the trunour (R.I.S.H. 3004/44) -was a hard encapsula 
mass measuring 22x20x13 cm. On section it was solid, of greyish wuo 
colour and divided into coarse lobules by clefts, the hning of which was smoo 
and shining. . , 

SlicroscopicaUy the stroma is composed of large spindle cells, mainl} wi 
the staining reactions of smooth muscle, in a framework of collagen 
There is some hyaline change in the collagen, but neither cartilage nor ono 
present. Scattered tlrroughout are regular tubules lined by epithelium w i ^ 
is composed of two layers, an inner of deeply staining cells and an ou e 
myoepithelium, mainly of roimded vacuolated cells. In some places * 
have the staining reactions of smooth muscle, in others there m pro | ® 
of epithelial type, sometimes -with squamous metaplasia. Similar epi 
lines the larger clefts. In one or two places there is a tendency for myocpi^^^^^ 
cells to break through the basement membreme and mingle wit i o 
(fig. 17). 


^ • dica! 

The patient was 68. Six years pre-viously she had had ® pa 

mastectomy. Four yeais later a nodule was excised from ^ fir 

admission to St Bartholomew’s Hospital there was a fisher was 

months’ duration. Tho mass, which was about three inches m ‘ .p-jth 
adherent to both sldn and chest wall. The ttmaour was remov K was 

portions of the fourth and fifth ribs and an area of pleura ° ^ the 

adherent. Convalescence was complicated by a right pnoumo ^ 

patient recovered and -was well imtil seven years later, when s 
fourth local reciurence. 
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Mnoroscopically tho tumour (St Bartholomow’s Hospital S.H. 9670) moaaurocl 
7x6 cm. and Tvas of firm cousistoucy. On scctiou it was aolid, had a trhorlcd 
appearance and in places appeared to bo undergoing mucoid degoneration. 

Microscopically tho stroma is composed of epindlo colls and collagen, with 
areas of cartilage and bone formation. Tho glandular opitholinm is scanty but 
that present shows both epithelial and vacuolate myoepithelial layers. 

In these cases as in the bitch tumours it is difSoult to assess tho 
degree of malignancy. In case 3 tho histological structure does not 
suggest any special invasive power and yet tho tumour was persistently 
recurrent. In case 1 there arc irregular masses of glandular epithelium 
suggestive of malignancy, yet tho tumour as a wliole was encapsulated. 
In case 2 tho tumour is histologically benign. Koithor of these cases 
showed reourrenco within a year. 

These tumours differ in strueturo from those of tho bitch and 
indeed there is no evidenco that human myoepithelium has tho same 
tendency to excessive proliferation and differentiation. Howovor, 
in case 1 there is some evidence that myoepithelial cells may contribute 
to the stroma and bone is formed in close association with myoepithelial 
eells. In case 2 the occasional penetration of myoepithelial colls into 
the stroma suggests that the stromal smooth muscle may be myo- 
epithelial. There is, however, no proof of this and tho smooth muselo 
might be derived from tho walls of blood vessels or even from the 
smooth muscle of the subcutaneous tissue (the arreotorcs pilorum). 


Malignant tumours 

There is seldom good evidenee that tho myoepithelium plays any 
part in tho development of malignant tumours of tho breast. In the 
carcinoma with a spindle-celled stroma described by Tudhope (1930) 
the stroma may have been myoepithelial and in the tumours described 
by Hertxlcr and Koeneke (1933) as “ circumscribed carcinoma of tho 
mammary gland ” the myoepithelium may have been involved, 
though in neither case was the staining reaction of smooth muscle 
observed. Hamperl (1939-40) reported two carcinomata with a 
leiomyomatous stroma in which, as ho suggested, the smooth muscle 
may have been derived from myoepithelium. Malignant myoepithelial 
tumours were reported by Gaudier ct al. and Durante and Roulland. 
In the two cases here recorded there is some suggestion that the 
myoepithelium may have taken part in tho tumour formation. 


Case 4 

The patient, aged 34, had noticed a nodulo in the loft breast for six weeks. 
This was removed locally. A year later, a mvoUing was noticed at the site of 
the first operation. This was again excised and four weeks later there was a 
firm tumour measuring 3x2 inches immediately deep to the two scars. No 
axillary lymph nodes wore palpable. The breast was removed by local 
mastectomy. 
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The nodule removed at the first operation (Salisburj' General Hospital 
S.H. 388/44) is composed of mastopathic tissue with an unusually cellular 
stroma. In one area there is marked myoepithelial proliferation with no aw 
clear differentiation between the mjmepithelium and the surrounding stroma. 
The ^eeimen from the second removal (Salisbury General Hospital S.H. 458/15) 
consisted of fragments of soft tumour tissue. These are made up of spindle 
cells avith areas of hEomorrhage and necrosis. The structmo is similar to that 
of the third specimen. The local mastectomy specimen (R.I.S.H. 3011/15) 
contained a yellowish-white soft circumscribed tumour about 3 cm. in diameter, 
showing areas of hmmorrhage and necrosis. In the mastopathic tissue, of 
which the breast tissue was composed, were small nodules of similar appearance. 
Microscopically this tumour is made up of spindle and steUate cells. Some of 
these have the staining reactions though not the general appearance of smooth- 
muscle cells (fig. 18). In some areas retioulLn impregnation shows a diffuse 
pattern of sarcomatous type ; in others, masses of cells are outlined by reticulin 
in the manner typical of epithelial tumours (fig. 19). 

The structure of this tumour may be interpreted in either of the tiro irays. 
It may bo a sarcoma arising from the stroma of the first specimen or it may be a 
myoepithelial tumour arising from the proliferated myoepithelium in the fitit 
specimen. In favour of the first h 5 ^othesis is the marked cellularity of the 
stroma in the first specimen. In favour of the second are the myoopitholial 
proliferation of the first specimen, the epithelial type of reticulin pattern that 
oocms in parts of the main tmnom and the occurrence of cells with tho staining 
reactions of smooth muscle. 

Cass 5 

Tlie patient, aged 66, had noticed a lump in the left breast for fifteen months. 
On admission the left breast, which was smaller than the right, was replaced 
by a hard nodular mass fixed to the nipple and causing retraction. A hard 
lymph node was palpable in the left axilla. The tumour was removed Iwally 
and post-operatively the patient was given X-ray treatment. Macroscopically 
tho breast tissue of the specimen (R.I.S.H. 3163/46) was largely replaced by a 
bard carcinoma. 

Microscopically most of the tiunour consists of widely infiltrating sphcroida • 
celled carcinoma. In one area there is a nodule about 0-6 cm. in diamotcr 0 
different structure. In this there are well formed glandular acini inl & 
myoepithelial layer of both vacuolate cells and spindle cells with tho states 
reactions of smooth muscle. In the stroma are areas of cartilage. A transi 
can be traced between groups of vacuolate myoepithelial cells and cells iso a 
by the cartilaginous matrix (fig. 20). It seems probable that the cartilagmo 
stroma in this nodule was derived from the myoepithelium. 

Brodie’s sero-cystic disease of the breast 

In 1846 Brodie described a type of breast tumour of large 
rapid growth, characteristically cystic and often with intra-cj-^^ 
papillomata. These tumours did not metastasise but wem a ^ 
local recurrence. Histological sections from case 6 in 
paper (St George’s Hospital Museum, no. 28 in the Historica e 
showed the reticulin pattern of a fibroadenoma. ^ 

Subsequent accounts of these large fibroadenomata lave si 
confusion of nomenclature. By some they are caUe 
adenomata, by some adenosarcomata (though histologica > jo 

no means of distinguishing the tumours which are mos 
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recurrence) others have retained the name Brodio’s scro-cj'stio disease, 
which would appear the most appropriate. Five tumours of this 
land were examined, one of which showed marked myoepithelial 
proliferation. 

Case G 

The patient, ngotl 3G, noticed n lump in the breast ton years prior to 
admission. This caused no inconvonienco and did not increase greatly in size 
during a pregnancy; it finally formed a spherical tumour about 0 inches in 
diameter. Since there was no involvement of axillary Ijnnph nodes a local 
mastectomy tvas performed. Macroaeopically tho tumour (R.I.S.H. 43/42) was 
a well encapsulated mass measuring 13x12x7 cm. replacing tho breast. 

tiicroscopically tho spindle-celled stroma is for more cellular than is usual 
in fibroadenomata and in places tho structure suggests sarcomatous change. 
In the stroma aro solid masses of epithelial colls and epithelial-lined clefts. 
There is a well defined myoepithelial layer composed of both vacuolate and 
spindle cells. As in other tumours there is a lack of sharp definition between tho 
myoepithelium and stroma, suggesting the possibility that myoepithelial cells 
may have contributed to its ccllulority. 

The other four tumours also showed an unusually cellular stroma, 
but though a myoepithelial layer was always present there was no good 
evidence that these cells contributed to tho stroma. 

Discussion 

It is no new conception that epithelial colls may have tho 
potentiality to develop into tissues of mesodermal appearance. Tho 
Schwann cells of the nerve sheath and the glial cells are ectodermal, 
yet histologically tho neurilemmoma and glioma are mesodermal 
rather than epithelial in pattern. 

Tho origin of muscle cells from the ectoderm is well recognised. 
The intrinsic muscles of tho eye are ectodermal. In certain nerve 
tumours striated muscle may occur in the depths of the tumour 
remote from any mesodermal tissue (Masson and Martin, 1938). 
According to Masson’s analysis (1938) tho Wilms’s embryoma of the 
kidney arises from ectoderm of the neural crest. These tumours not 
infrequently contain striated muscle. Tho myoepithelial cells are 
therefore not alone in their capacity, clearly demonstrated in animals, 
to form tissues of mesodermal appearance. 

The human breast tumours studied are not directly comparable to 
those of the bitch and the importance of tho myoepithelium in their 
morphogenesis is not so clear. Nevertheless there is some evidence 
that myoepithelial cells do play a part in tumour formation and it is 
suggested that a recognition of their possible role renders the com- 
plexity of certain tumours more easily comprehensible. 

SuSIMABY 

1. The lesions found in mastopathy and intraduct papilloma 
illustrate the type of myoepithelial proliferation common in the 
human breast. 
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2. Three mixed tumours of the human hreast are described and it 
is suggested that myoepithelial proliferation may be responsible in part 
for the complexity of their structure. 

3. A malignant breast tumour and a carcinomatous nodule from 
another case, both mth a possible origin from the myoepithelium, are 
described. 

4. Of five specimens of Brodie’s sero-C 5 fstic disease of the breast 
examined, one showed marked myoepithelial proliferation. 

I should like to thank Dr A. H. T. Bobh-Smith for suggesting this problem 
and for his continued interest and assistance. I am also indebted to Professor 
Hadfield for supplying the material of case 3, to Dr Martland for the specimens 
of case 4, to Dr J. F. Taylor, Curator of the St George’s Hospital Museum, for 
the original description and paraffin blocks from one of Sir Benjamin Brodio’s 
cases of sero-cystic disease of the breast, and to Dr E. G. White, Research Institulo 
of Animal Pathology, Streatley, Berksliire, for all the specimens of breast 
tumours from bitches. I should also like to thank the members of staff of tho 
Badcliffe Infirmary for permission to publish their cases, and to express my 
appreciation of Mr R. E. Duffett’s skill in preparing the slides. 
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DEVELOPJIENT OF RESISTANCE OF 
SHIGELLA SHIGAS TO GLYCINE 

J. Gobdoji and M. Gobdon 

From the Departmtnt of Pathology and Bacteriology, 
University of Leeds 


Gobdon and Gordon (1943) showed that tho growth of some organisms 
on media containing sublethal concentrations of glycine was associated 
with cultural and morpliological changes. The colonies were sticky 
and difficult to emulsify, and the organisms appeared elongated and 
markedly swollen, vibrios especially often appearing as spherical and 
ovoid bodies. It seemed of interest to determine whether these 
phenomena were associated with other changes. 

Shigella shigat (Wynne) from tho National Collection of Type 
Cultures, which was used throughout, was inoculated on nutrient agar 
containing 0'25, 0-5, I'O, 1'25 and l-S per cent, glycine (Analnr 
B.D.H.). After 48 hours’ incubation, there was no growth on the 
media containing 1-26 and 1'6 per cent, glycine and very poor growth 
on tho agar with l-O per cent, glycine. This growth, which oshibited 
the stioldness and morphological changes produced by glycine, was 
repeatedly subcultured on agar containing l-O per cent, of glycine. 
The growth improved with each subculture, indicating that tho 
organism was adapting itself to tho abnormal environment. Investiga- 
tions in fluid media showed that this adaptation could be extended so 
that growth resulted in concentrations of glycino which as a rule 
completely inhibited normal cultures. 

Inhibition of growth of Sh. shigaj by glycine 

One per cent, peptone broth was prepared with various concentra- 
tions of glycine, adjusted to pH 7 -6, tubed in 6 ml. lots, and autoclaved. 
Four tubes of broth with 0-5, 1-0, 1-5 and 2-0 per cent, glycine and a 
control tube of broth without glycino were each inoculated with one 
loopful of a heavy suspension of Sh. shigee in broth from an agar slope 
culture. After 48 hours' incubation the control broth showed marked 
turbidity, tho 0-6 per cent, glycine broth moderate turbidity and the 
1 -0 per cent, glycino broth slight turbidity, but the 1 -5 and 2-0 per cent, 
glycino broths appeared clear. Subcultures after 24 hours’ incubation 
showed (table) heavy growths from the control broth and 0-5 per cent, 
glycine broth, moderate growth from the 1-0 per cent, glycino broth 
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and very slight groviili from the 1-B per cent, glycine broth, from 
which a subculture ^vas sticky and showed marked elongation of the 

Table 


The increase of resistance against glycine acquired by Sh. shiga; 
after repeated subculture in glycine broth 


Subcalture in glycine broth 

Eesistaneo acquired agaln't glycine j 



Concentration of glycine In broth (pet cent 1 

Concentration of glycine 

Xo. of 






(per cent.) 

subcultures 

1-5 

2-0 

2-j 

3-0 

s-s 

Ov 

1-9 

-f- 






10-20 

+ 

+ 

— 



1-0 

1-3 

4- 

- 






4-7 

"V 



— 

— 


S-19 

+ 

4- 

+ 

— 



20 

+ 

+ 

+ 


“ i 

1-6 

1-2 

+ 

+ 





3-20 

4- 


-f 

-f 


0 (control) 

1-20 

"f- 

- 



— 


+ = groB-th on subculture. 

— = no growth on subculture. 


bacilli. Growth was completely inhibited in 2-0 per cent, glycine 
broth. Gordon and McLeod (1926) and Gordon and Gordon (1943) 
found a similar inhibitory effect on the growth of organisms by glycine. 


Development of resistance of Sh. shigae to high 
concentrations of glycine 

The cultures in 0-5, 1-0 and 1-5 per cent, glycine broth from the 
previous experiment were each repeatedly subcultured at S-naj 
intervals in broth containing the same concentrations of gtycine i 
three loopfuls as inoculum. After 3 days’ incubation each suhcultnw 
was further subcultured to a series of broths containing O-S, I'O, 

2-0, 2-5, 3-0, 3-5 and 4-0 per cent, glymine to detect any variation in 
the maximum concentration of glycine permitting growth. It ■"'c® 
found (table I) that : — . ^ . 

(1) After the tenth successive subculture in 0‘5 per cent. 

broth the organism was able to grow in broth containing 2-0 cen ^ 
glycine, but even after ten further subcultures its grou i 
completely inhibited in 2*5 per cent, glycine broth. u-cinc 

(2) After the fourth successive subculture in 1-0 per cen . S • 
broth the organism was able to grow in 2-0 per cent, 

and after the eighth successive subculture in 2-5 per cen . 
broth. After the twentieth successive subculture grov' o 
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in 3-0 per cent, glycine broth but was completely inhibited in 3-5 
per cent, glycine broth. 

(3) After being grown only once in 1*6 per cent, glycine broth the 
organism was capable of grou'th in broth containing 2*6 per cent, of 
glycine. After the third guccessivo subculture grorvth was possible 
in 3-0 per cent, glycine broth hut not in 3'6 per cent, glycine broth. 
Even after 20 subcultures in 1-6 per cent, glycine broth there was no 
development of resistance to more than 3-0 per cent, glycine. 

A control series of 20 successive subcultures at S-day intervals 
in broth without added glycine showed no evidence of increased 
tolerance of glycine when investigated in concentrations of more 
than 1-5 per cent, 

Kopcated growth in certain concentrations of glycine normally 
permitting growth therefore results in the development of a capacity 
to grow in concentrations of glycine previously completely inhibitory, 
i.c. up to 3-0 per cent, in contrast with the normal limit of l-G per cent. 
Further investigations showed that by gradual adaptation growth 
could be obtained in still higher concentrations of glycine. At no 
stage, however, was it found possible for Sh, shiga: to adapt itself to 
increments of more than 1 -0 per cent, of glycino at a time. The highest 
concentration in which the organism was capable of growth was 
ascertained by successive subculture to broths containing glycine in 
concentrations increasing by stages of 0'5 per cent. Those wore 
carried out at 3-day iutervmls starting with a primary culture in 
1’6 per cent, glycine broth. 3 loopfuls being used as the inoculum in 
all oases. It was thus possible to obtain growth, ns shown by sub- 
culture, in a concentration of glycine as high os 7-6 per cent., i.c. 
about five times the limit normally permitting growth. Some 
difficulty was at first experienced in obtaining growth beyond G-O 
per cent, glycine, but after several subcultures in 'broth containing 
this concentration of glycine, grow-th in the higher ooneentratious 
was mote readily obtained. The density of gT04vth diminished with 
increase of glycine and in 7-0 per cent, and 7-6 per cent, glycine there 
was only very slight turbidity. 


Effect of repeated subculture in normal media on (ha acquired 
resistance of Sh. shigse 

The question arose whether this acquired resistance might be 
modified by suboulturing back to normal media. Four strains of the 
organism were used— three obtained after 20 suboultnres in (1) 

0- 5 per cent, glycine broth (resistant to 2-0 per cent, glycine), (2) 

1- 0 per cent, glycine broth (resistant to 3-0 per cent, glycino), 
(3) l-G per cent, glycine broth (resistant to 3-0 per cent, glycino), 
and the fourth (4) grown in 6-0 per cent, glycine broth after five 
subcultures in 5-5 per cent, glycine broth. All were repeatedly 
subcultured at 2-day intervals in normal broth and each successive 
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broth culture was examined for its glycine resistance by subculture 
into a series of broths containing increasing concentrations of glycine. 
After ten successive subcultures in broth, aU the strains retained the 
original resistance, i.e. to 2-0, 3-0 or 6-0 per cent, glycine according 
to the initial resistance. The strains were again examined for their 
glycine resistance after five further broth subcultures made at weeldv 
instead of 2-day intervals. The strain grown in 0-5 per cent, glycine 
broth lost its acquired resistance and was incapable of growth in 
2-0 per cent, glycine broth. The strains grown in 1-0 and 1-5 percent, 
glycine broth lost the capacity to grow in 3-0 per cent, but stiU grew 
readily in 2-5 per cent, glycine broth. The strain previously capable 
of growth in 6-0 per cent, glycine broth showed marked diminution 
in its resistance and was completely inhibited by the addition of 
4-5 per cent, of glycine to broth, though it still grew in 4-0 per cent, 
glycine broth. After five further weekly subcultures in broth the 
strains grown in 1-0 and 1-5 per cent, glycine broth still maintained 
their resistance to 2-5 per cent, glycine and the resistance of the strain 
grown in 6*0 per cent, glycine broth was reduced so that it now grew 
only in 3-5 per cent, glycine broth. 


Sugar fermentations, catalase production and agglutination properties 
of Sh. shigse grown in abnormal concentrations of glycine 

Sugar fermentations. Subcultures from aU concentrations of the 
glycine broths used gave the same sugar fermentations as the original 
strain. The development of resistance to glycine therefore involved 
no change in this property. 

Catalase production. McLeod and Gordon (1923) showed tha 
pneumococci, streptococci and Sh. shigce, in contrast with most other 
aerobes, produced no catalase. At aU stages of this investigation 
subcultures were made from the glycine broth cultures to heate 
blood agar and examined for the presence of catalase by dropping a 
1 '0 per cent, solution of hydrogen peroxide on to the growth. Cata ase 
was invariably absent. 

Agglutination properties. The subcultures from glycine bro o 
heated blood agar were all tested by slide agglutination. Agglutma lO 
was always observed, but with the subcultures from broth con a o 
3-0 per cent, or more of glycine, the time for complete agglutma i 
was markedly prolonged, being delayed up to 10 minutes or o 
from the highest concentrations of glycine. This delay in agg u , 
was reduced after the organisms had been repeatedly grorro m , 
broth, but in some cases the agglutination never retui^d o no 
The question whethef the sticldness of the growth interfere wi 
normal agglutination would have to be explored before s 
in agglutination time can be related to any modi ca ion 
antigenic structure. 
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Orowih of a glycine-resistant strain of Sh. shigte in broth 
containing added quantities of alanine 

The tolerance of glycine-resistant organisms for other amino acids 
appeared to bo relevant and that for alanine, the nearest related 
member of the group, was investigated. 

Tv'o series of broths were prepared, each containing 0, 1-0, 2-0, 
3’0, 4-0, 5-0 and 0-0 per cent, of di-alanino (B.D.H.). One series was 
inoculated with a 4-day broth culture of normal Sh. shigee, the other 
with a 4-day culture of the same organism grown in G-0 per cent, 
glycine broth. After tlurco days’ incubation subculture showed that 
the normal organism grew in 3-0 per cent, and failed to grow in 
4-0 per cent, alanine broth. In striking contrast the organism capable 
of growth in 6'0 per cent, glycine broth was also oblo to grow in broth 
containing G'O per cent, alanine. Thus Sh. shigee, in developing 
resistance to abnormal concentrations of glycine, becomes resistant 
also to abnormal concentrations of alanine. The effect on other 
amino acids wa.s not investigated. 

The glycine content of media before and after grouith of Sh. shig® 

In a consideration of the mechanism enabling Sh. shigee to grow in 
apparently abnormal concentrations of glycine, it was essential to 
exclude breakdown of the amino acid by the organism and reduction 
of its concentration to the normal limits permitting growth. Pour 
lots of 26 ml, of media were prepared, two of normtd broth and two 
of 5-0 per cent, glycine broth. One of the normal broths was inoculated 
with five loopfuls of a 4-day broth culture of Sh. shigm and one of 
the S'O per cent, glycine broths with the same amount of a 4-day 
6-0 per cent, glycine broth culture. One normal broth and one 
6-0 per cent, glycine broth remained uninoculated. All four tubes 
of media were incubated at 37° C. for one week. A good turbid 
growth was obtained in the normal broth and a fair growth in the 
5’0 per cent, glycine broth. Both cultures were sterilised by heating 
at 65° 0. for 30 minutes and the uninooulated media were also 
subjected to this treatment. Since all possible modes of bacterial 
breakdown of glycine involve the production of either ammonia or 
methylamino, the total amount of amino nitrogen in each of the 
four media was determined by fotmol titration and the amount of 
ammonia nitrogen by the Conway micro-diffusion method. It was 
found that there was no decrease in the total amino nitrogen in either 
of the inoculated media ns compared with the corresponding un- 
inocuiatod tubes. There hod therefore been no loss of volatile nitrogen 
compounds during the process of sterilisation and also no appreoiablo 
amount of nitrogen built up into the protein of the organisms. Slight 
increases in the ammonia nitrogen were found in both the inoculated 
media as compared with the corresponding uninooulated tubes, but 
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the increase in the glycine broth culture was less than that in the 
normal broth culture. The slight difference could quite well be 
accounted for by the more vigorous growth in normal broth. It is 
evident, therefore, that the abihty of 8h. shigce. to grow in high 
concentrations of glycine is not associated with breakdown of glycine 
and reduction of its concentration to the Hmits normally permittimr 
growth. 

Discussion 


The growth of Sh. shigce. is completely inhibited by the addition 
of 2-0 per cent, glycine to broth, but by gradual adaptation of the 
organism to increasing concentrations growth becomes possible in 
broth containing as much as 7 *5 per cent, glycine. The ability of an 
organism to develop resistance against an inhibitory agent has long 
been recognised since Ehrlich (1907) demonstrated that trypanosomes 


could become resistant to dyes. The recent introduction of the 
sulphonamides, penic illin and streptomycin still further stimulated 
interest in the subject when it soon became evident that “ fastness ” 
of bacteria to these chemotherapeutic agents was of increasing 
practical importance. The resistance acquired by 8h. shigce to 
abnormal concentrations of glycine presents features similar to that 
shown by organisms resistant to the antibiotics and sulphonamides, 
Thus resistance to glycine is usually a gradually developing process, 
for though growth of the organism is ultimately possible in 5 times the 
maximum concentration of glycine which normally permits growth 
(7-5 compared to 1*6 per cent.), adaptation is able to proceed only by 
increments of not more than 1*0 per cent, glycine at each stage. 
Klirby and Rantz (1943, p. 38), in their studies of sulphonamide 
resistance, found that “ the degree of resistance developed is greatly 
influenced by the concentration of drug employed ” and “ that unless 
the drug is present in sufficient concentration to inhibit the growt h 
of the organisms, very little resistance is developed ”. Similar j 
repeated growth of 8h. shigce in a mildly inhibitory concentration o 
0*6 per cent, glycine resulted in the development of resistance to ony 
2*0 per cent, glycine ; and even after repeated growth in a si^let a 
concentration of 1*5 per cent, glycine, resistance reached ony 
3*0 per cent, glycine compared with a possible maximum o 
7*5 per cent, attained by gradually training the organism to 
creasing concentrations. Again, it is recognised that when resis anc^ 
against stdphonamide is weU established, it is retained a 
indefinitely (Henry, 1944), and similarly persistent 
abnormal concentrations of glycine is shown by 8h. siigc^ a ^ 
repeated subculture of a resistant strain in normal media ree 


added glycine. _ _ (rlvcine 

It is worthy of note that this acquisition of resistance g 
is not accompanied by any changes in other characteris 
organism such as the sugar fermentations and the non-pro u 
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catalase. Agglutination ty antisera appears to to delayed, but this 
may be related to the sticky nature of the growth associated with high 
concentrations of glycine. 

The mechanism of the development of glycine resistance by 
Sh. shigee is not Imown, but there is no evidence that it is accompanied 
by any abnormal destruction of glycine by the organism. 

StUBIARY 

1. Sh. shigee grows poorly in broth containing l-S per cent, glycino 
and is completely inhibited in 2-0 per cent, glycino broth. 

2. Repeated subculture of the organism in broth containing 
0-5, 1-0 and 1-B per cent, glycino enables it to grow in broth containing 
2-0, 3'0 and 3-0 per cent, glycino respectively. 

3. Subculture of the organism to broth containing successive 
increments of 0-5 per cent, glycino enables it to grow in 7-5 per cent, 
glycino broth. 

4. Repeated subculture of the highly resistant strains in normal 
broth resulted in some loss of resistance, but it persisted to previously 
inhibitory concentrations of glycine. 

6. A glycine-resistant strain of Sh. Mgai showed similar resistance 
to alanine. 

6. There was no evidence that glycine destruction by the organism 
reduced the concentration of the amino acid to limits normally 
permitting growth. 

We wish to express our thanks to tho Medical Research Council for a grant 
in aid of this work to one of us (J. G.), and to Dr L. H. Sticldand, who very 
kindly carried out tho estimations of amino and ammonia nitrogen. 
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THE ESSENTIAL LESION OF PNEUMOKONIOSIS 
IN WELSH COAL WORICERS 

A. G. Heppleston 

Department 0 / Pathology and Bacteriology, WeUh National 
School of Medicine, Cardiff 

(Plates LXV-LXVni) 

In their study of pnoumokoniosis in South Wales coal workers, Bolt 
and Perris (1942) described the primary lesion ns a “ dust-roticulation ’ 
consisting of a diffuse pigmentation of the framework of the lung 
associated with a more or less uniform increase of reticulum fibres. 
It is true that they also cited a condition of “ nodular reticulation ”, 
but this was regarded as a later manifestation of the disease. They 
therefore represented the first change in the pnoumokoniosis of coal 
workers as being essentially diffuse, but it must bo pointed out that 
they examined only relatively advanced cases, the minimum period 
of exposure being 18 years. Their view is at variance with the earlier 
report of Cummins and Sladden (1930), who examined a group of 
South Wales coal workers, most of whom were anthracite miners, 
and it has since been opposed, also from South Wales, by Gough 
(1944) and Williams (1944). All these authors hold that the earliest 
lesion is characteristically focal in distribution. The pneumokoniosis 
of coal workers in other countries has also been regarded os a diffuse 
condition, for instance in Germany (Husten, 1931), England (Stewart, 
1934), America (Gardner, 1933a, 1935 ; Miller, 1935 ; Walsh, 1938) 
and Australia (Badham and Taylor, 1936, 1939). A parallel difference 
of opinion with regard to the primary lesion occurred in the study of 
classical silicosis. Gardner (1933a) in America described a linear 
perilymphatic fibrosis as the initial effect, whereas the South African 
workers (Straohan and Simson, 1930 ; Simson, Strachan and Irvine, 
1931 ; Simson, 1935 ; Simson and Straohan, 1935), observing the 
disease in gold miners from the Witwatersrand, concluded that the 
earliest change was sharply localised to the divisions of the respiratory 
bronchioles. A study of the lungs of South Wales coal workers leads 
me to the conclusion that their pneumokoniosis is primarily and 
essentially focal, and in reaching tliis conclusion I have had the 
advantage of examining much earlier cases than previous investigators. 
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Materials and methods 

The lungs of 85 Welsh coal workers, most of whom were employed in steam- 
coal {i.e. carbonaceous- and semibituininous-coal) mines, but including 7 
anthracite miners, 2 bituminous-coal miners and 5 steam-coal trimmers, have 
been examined. The average duration of their working life was approximately 
33 years, although individuaUy it ranged from \ to 60 years. The mincK 
comprised hard headers, borers, rippers, firemen, shotsmen, fillers, labourers, 
packers, hauliers, riders, repairers and surface workers, and, so far as could be 
ascertained, many had been engaged in more than one of these occupations and 
at more than one colliery. The commonest causes of death were cardiovascular 
disease — sometimes related to the lung condition, sometimes not — and pulmonary 
tuberculosis. 

In order to obtain as true a representation as possible of the anatomical 
relationships of the focal lesion, the lungs were distended at a pressure of less 
than 100 mm. Hg. to approximately natural size with formol-saline via the 
main bronchi. The latter were then clamped and the lungs immersed in the 
same fixative for at least 24 horns. No evidence could be found that this 
caused any damage. Portions of material were taken from the upper lobe of 
the left lung whenever possible and embedded in paraffin wax m vacuo. Large 
histological sections, serial in certain instances, were employed to demonstrate 
the general features of the lesion, and small ones, always serial, for more detailed 
studies. Sections were stained with hsematoxylin and eosin and by the silver 
impregnation method of Laidlaw. 


Morbid anatomy 

On section the lungs showed an average of 2-5 macules of blackened 
parenchyma, 1-4 mm. in diameter, in each secondary lobule. In 
certain cases they tended to diminish in size and number towards 
the base, but otherwise their distribution was more or less symmetrical. 
The smaller lesions were rounded or oval, whilst the larger had an 
irregular or stellate outline. Around the latter were enlarged air 
spaces, each of which in the more advanced lesions measured as much 
as 4 mm. in diameter. Occasionally one or two specially large spaces 
occurred to the side of the pigmented area. Some lungs showed m 
addition small fusiform collections of pigment in the septa, particularly 
at their junctions, but these were quite distinct from the focal 
accumulations in the vesicular tissue and were not as a rule accom- 
panied by emphysema. In the pleura soft black plaques could 
usually be seen, often coimected by black lines demarcating the 
secondary lung lobules. 


Histology 

In order to determine the form of the initial lesion special attention 
was paid to such cases as that of a boy of 15 who had spent but one 
year at the coal face and two young men who had had only four an 
five years respectively imderground. In these the dust seems to o 
collected mainly at the divisions of the respiratory bronchioles ( g- )> 
being located in the connective tissues which surround them toge c 
with their accompanying arterioles (fig. 2), and which normally 
small aggregations of lymphoid tissue (Simson and Strachan, 
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Jliller, 1937). There, pigmented foci i-2 mm. in diameter are formed, 
in Tvhioh the dust appears to be partly contained in phagocytes and 
partly free. As a rule the dust is so thickly concentrated as to obscure 
the tissues, although silver impregnation reveals delicate reticular 
fibres running through the foci (fig. 3). Frequently dust is also present 
outside the interstitial tissues, adjacent alveoli being occupied by 
masses of dust-bearing cells, while their intervening walls, though 
they show no actual increase of connective tissue, are thickened by 
infiltration with these phagocytes (fig. 4). Sometimes tiny accumula- 
tions of dust also occur around venules at the periphery of the primary 
lobules of the lungs. It must be realised that some miners with much 
longer periods of er^posure to dust have no more than these 
early lesions in their lungs. 

The majority of specimens contain larger lesions than those just 
described, measuring 2-4 mm. in diameter, but with the same anatomical 
distribution. In describing them it is necessary to take into account 
the fact that the histological picture varies not only with their size 
but also with their stage of development, some being in the formative 
phase while others show changes indicative of retrogression. In the 
formative phase of their development the vesicular tissue in the 
affected areas is overrun with dust and dust-laden phagooj’tes, 
producing localised consolidations which tends to obscuto the lung 
structure (fig. 6). Here and there the outlines of some alveoli can 
be made out, hut for the most part both the alveoli and their walls 
are so densely packed with cells that they were fused into solid masses 
of blackened tissue in which the only supporting framework is a fine 
reticulum (fig. 6). These appearances are usually most marked 
towards the centre of the lesions. At the periphery the vesicular 
structure is more in evidence, although here also the spaces are filled 
with dust cells and their walls more or less infiltrated with them. 
The outlines of the lesions are usually fairlj- abrupt, the surrounding 
air spaces being mostly free from dust and at this stage practically 
normal in size. In the retrogressive phase, on the other hand, the 
lesions are still more dense and compact, the vesicular structure 
eventually being obliterated throughout, and there is now a distinct 
formation of collagenous cotmeotive tissue lying fairly evenly amongst 
the dust. The most important feature of these larger lesions, however, 
is the emphysema localised to the vesicles immediately around them. 
The emphysematous spaces are partially bounded by the macules 
and by tapering areas of consolidation which extend from their 
margins, but elsewhere the walls of these spaces are composed of 
stretched and thinned alveolar septa. In this way the lesions come to 
have a stellate outline (figs. 7, 8 and 9). Such a formation suggests 
that in the production of the emphysema shrinkage of the focal 
lesions has played a part. The degree of emphysema varies widely 
in different cases and does not necessarily correspond with the size 
of the nodule. In some cases there are small consolidations, or small 
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accumulations of dust cells in the alveoli and alveolar walls, Ijing 
immediately outside the emphysematous area (figs. 8 and 9). It 
must he recognised that generalised vesicular emphysema occurs 
independently in certain of these lungs, but as a rule it does not 
obscure the focal lesion. On the other hand the focal emphysema is 
occasionally so extensive as to leave but little of the parenchyma 
unaffected. 

In a number of the more advanced cases dust also accumulates in 
places other than the terminations of the respiratory bronchioles, the 
commonest being their origins : sometimes, especially if they are 
short, these bronchioles are completely surrounded by cuffs of pigment. 
Small amounts of dust are also found occasionally at the distal ends of 
the alveolar ducts and many specimens show a little pigment along 
segments of the larger air passages and their blood vessels. In a few 
subjects, particularly those who have recently been working, scattered 
dust cells are seen lying free in the alveoli throughout the lungs. 

Several lungs exhibit lesions which are so extensive and close-set 
as to produce a condition which might be described as diffuse (fig. 10). 
Even in them, however, unaffected areas are readily recognisable 
which proves at least that the condition is not altogether diffuse. 
The fibrosis is distinctly patchy, being most plentiful where there is 
most dust, and, although in these advanced cases the emphysema is 
not so clearly referable to the consolidated areas as when the dust 
foci are quite discrete, it also shows a patchy distribution. Thus the 
whole pictmre strongly suggests that the focal lesions, having increased 
in size, have become more or less confluent. 


Discussion 

To imderstand the peculiar distribution of dust within the lung 
and the form of the lesions which develop, it is necessary to consider 
the manner in which the lung deals with inhaled particles. Air-borne 
dust of respirable size is generally believed to be deposited uniform y 
in the alveoli and to be rapidly ingested by phagocytes. Many of these 
cells are no doubt expectorated but some find their way into e 
interstitial tissues. Gardner (1940) held, largely on the basis o s 
experimental observations, that phagocytes take the dust along e 
air spaces into the nearest lymph vessels, through which the us is 
then transported to the hilar glands, where it comes to rest, 
considered that the accumulation of dust steadily extends 
the periphery of the lung and involves both the lymphoid depo s a 
the lymph vessels, but only when no more dust can be accommo a 
in the hilar glands. Cummins and Sladden evidently be eve 
phagocytes, having carried the dust straight into the alveo ar 
migrate along their tissue spaces into the perivasciuar an 
bronchial lymphatics and so to the lular glands, but how ^ 
lesions arise was not discussed by them. My observa ions 
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that as a rule the phagocytes do not immediately pass into the 
alveolar ■walls but migrate by way of the air spaces to the vicinity of 
the lymphoid aggregations which are situated at the divisions of the 
respiratory broncliioles, where they then pass into the interstitial 
tissue and enter the lymphatic system. In pneumokoniosis more 
dust-laden phagocytes reach these depots than can bo disposed of, 
so that they become choked with cells. An accumulation of cells 
then occurs in the vesicles around these points and consequently 
localised areas of lung parenchyma are crowded with phagocytes, 
giving an appearance of consolidation by accumulation of masses 
of dust, and as more cells arrive the process gradually covers wider 
areas of vesicular tissue. The next stage seems to be the formation 
throughout these areas of a fine network of reticular fibres, which 
in time tend to become collagenous. In this way the focal accumula- 
tions of dust undergo a slow organisation, and by this means the 
enclosed cells are prevented from wandering further. Cicatrisation 
naturally follows and with it shrinkage and condensation of the 
lesions. 

There have been many references in the literature to generalised 
or buUoua emphysema but few to the localised form in connection 
■with coal workers’ pneumokoniosis. Belt and Ferris noted that 
emphysema often coexisted with dust lesions but made no more 
than passing reference to it. Cooke (1932) and Gardner (10336, 
1940) mentioned enlarged air spaces in relation to coal-dust lesions, 
although neither of them seemed to attach any importance to the 
emphysema. As long ago as 1834, however, T. W. Jones, in a report 
to Dr G. Hamilton (1834, p. 299), emphasised, in the case of a Scottish 
collier whose lungs he had examined, that the air cells were most dilated 
where the black matter was most abundant. Badham and Taylor 
(1936, 1939) also stressed the fact that emphysema, when present in 
the lungs of coal miners in New South Wales, is particularly evident 
around the dust lesions, considering that the dust fibrosis causes 
the emphysema and that the latter is the factor underlying the 
clinical disability. Similarly Gough (1940), reporting on 12 steam-coal 
trimmers from Cardiff, referred to the characteristic emphysematous 
spaces around the nodular lesions. He further pointed out (Gough, 
1944), as did Williams (1944), that in Welsh coal workers as a whole 
emphysema in and around the focal collections of dust is a common 
finding. In the series of lungs which I have examined the emphysema 
is so strictly localised to the vicinity of the focal consolidations as to 
suggest that there is a “ cause and effect ” relationship. Early lesions 
do not show the focal emphysema, whilst the more advanced ones do, 
so that dust collection appears to be the primary change. The 
mechanism by which the emphysema is induced still remains a matter 
of inference. As, however, the dust lesions are essentially areas of 
consolidation which are unable to expand on inspiration, the adjacent 
alveoli must become enlarged and the alveolar walls stretched, and 
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tMs effect will be augmented- by fibrous contraction in the lesions 
themselves. The emphysema is thus vicarious in type. It may well 
be that it is this focal emphysema which, by leading to defective 
heemo-respiratory exchange, is the main factor underlying the dyspnoea 
so frequently present in the earlier phases of the disease. 

The composition and the amount of dust inhaled in the various 
occupations concerned with coal mining differ, sometimes considerably, 
yet the same focal type of lesion occurs in miners irrespective of 
whether they were employed in anthracite, carbonaceous-coal, semi- 
bituminous-coal or bituminous-coal mines and, with few exceptions, 
it seems to make little difference whether they had worked mainly 
at the coal face, in the associated strata of rock or on the roadways. 
At the docks, coal trimmers handle coal only and are thus exposed 
to relatively pure coal dust, but the lesions of steam-coal trimmers 
show no fundamental differences from those of the miners (compare 
figs. 8 and 9). Furthermore, I have found comparable changes in 
coke workers (figs. 11 and 12) and in iron workers, whilst the lesions 
in the lungs of town dwellers (figs. 13 and 14) are indistinguishable 
from the early lesions of coal miners. These considerations suggest 
that the development of the lesions in coal workers may be determined 
to a significant extent by the mechanical accumulation of a sufficient 
amount of dust, irrespective of its nature. This view is rendered the 
more likely since the evidence for the alternative silica hypothesis 
is not completely satisfactory (King and Nagelschmidt, 1945 ; King, 
1945). di Biasi (1939) has also suggested that coal-dust particles 
influence the lung mechanically. The amount of dust retained in the 
lung and consequently the degree of disability attributable to the 
dust cannot be correlated with known duration of work in the industry 


nor, apparently, with the particular occupation in which the men 
were chiefly engaged. Under comparable circumstances there are 


great variations in the amount of dust which different persons 
accumulate in their lungs. These variations may depend upon the 
efficiency of the mechanisms for dust elimination such as nasa 
filtration, bronchial movement and secretion, ciliary action an 
phagocytosis, aU of which may vary either naturally or as a resul 


of disease. 

The simple silicotic nodule (Simson, 1935 ; Belt, 1939) differs from 
the focal lesion of coal workers in several respects. Pigmentation is 
considerably less and is unevenly distributed, whereas the amoun 
of collagenous coimective tissue is much greater and has a c a 
acteristicaUy whorled or concentric disposition (fig. 15)- * 

to Simson and Strachan (1935) the fibrous overgrowth is 
an early stage in the development of silicosis, apparently e n o 
from the centre of the early silicotic nodule and undergomg grn 
hyalinisation, but in coal workers the fibrosis is never 
occurs imiformly and sometimes radially throughout the foca 
Perhaps the most important difference is the relatively minor 
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of focal emphysema wliicli occurs around the silicotic nodule. These 
points of distinction are sufficiently great as to suggest that the 
pathogenesis of the two lesions is fundamentally different, but exactly 
how it differs it is still too soon to shy. 


Conclusions 

In the coal workers of South Wales the primary lesion of pneumo- 
koniosis is a focal accumulation of dust, which is situated at the 
division of the respiratory bronchiole. The lymphoid tissue at this 
point is the main factor in determining the localisation of coal dust 
within the lung. No matter how extensive the disease, the dust 
lesion remains essentially focal in distribution. In the more advanced 
lesion a small amount of fibrosis docs occur but its most characteristic 
feature is emphysema strictl}' localised to tho adjacent vesicles. It 
is suggested that tho focal dust lesions cause the focal emphysema 
mechanically and that the latter is mainly responsible for the 
respiratory disability of tho uncomplicated disease. Since comparable 
lesions occur in men with different industrial histories as well as in 
people with no occupational dust hazard whatever, it is also suggested 
that the mechanical accumulation of dust, irrespective of its nature, 
plays a significant part in tho pathogenesis of the dust lesions. 

For criticism and advice I am indebted to Professor J. B, Duguid and 
Dr Jethro Gough. From Dr Gough I also derived my interest in the pathology 
of pneumokoniosis. Photographic and teclmical assistance was rendered by 
Mr J. P, Napper and Jlr G. R. Armstrong respectively. 


REFERENCES 


Badhak, C., Aim Taylor, H, B. 


Belt, T. H 

Belt, T. H., and Perris, A. A. . 


DI Biasi, W 

Cooke, W. E 

Ctjmmins, S. L., and Sladden, 
A. P. 

Gardner, L. U 


Godou, J. . . . . 

3- tixn. BicT.— voi. irx 


1930. Studies in industrial hygiene, no. 19. 

(Extract from Ann. Rep., Dept, of 
Publ. Hlth., New South Wales). 
1039. Ibid,, no, 20. (Extract from Ann. 

Rep., Dept, of Publ. Hlth., New 
South Wales). 

1939. This Journal, xlix, 39. 

1942. Medical Research Council, Spec. 

Rep. Ser., no. 243, London, 
p. 203. 

1939, Dtwh. med, IFscftr., Ixv, 369. 

1932. Practitioner, cxxix, 483. 

1930. This Journal, xxxiii, 1095. 

1933a. J, Amer, Med. Assoc., ci, 594. 

19335. In Brundage, D. K., and Frasier, 
Elizabeth S., U.S. Publ. Hlth. 
Bull., no. 208, Washington, p. 16. 
1935. Internal. Clin., series 45, ii, 16. 

1940. J, Amer. Med, Assoc., cxiv, 635. 
1940. This Journal, li, 277, 


2o2 



460 A. G. HEPPLBSTON 

Gough, J. ...... 1944. Bsport of the Advisory Coimnitteo 

on Treatment and Rehabilitation 
of Miners in the Wales Region 
suffering from Pnemnokoniosis, 
London, p. 17. 

Hamilton, G 1834. Edinb. Med. and Surg. J., xlii, 292. 

Husten, K 1931. Klin. Wschr., x, 606. 

King, E. J . . 1946. Medical Research Council, Spec. 

Rep. Ser.^ no. 260, London, p. 69, 

Kjng, E. j., and Nagblsohmidt, 1945. Medical Research Council, Spec. 
G. Rep. Ser., no. 260, London, p. 18. 

Millbe, J. W. 1935. U.S. Publ. HIth. Bull., no. 221, 

Washington, p. 69. 

Millbe, W. S 1937. The lung, Springfield, III. and 

Baltimore, Md., p. 115. 

SiMSON, F. W. ...... 1935. This JoumoZ, xl, 37. 

SiMSON, P. W., AOT Stbachan, 1931. Publications of the South African 
A. S. Institute for Medical Research, 

vol. iv, no. 26, p, 231. 

„ „ „ 1936. Publications of the South African 

Institute for Medical Research, 

' vol. vi, no. 36, p. 367. 

SiMSON, F. W., Stbachan-, a. S., 1931. Proceedings of the Transvaal Mine 
AND Ievine, L. G. Medical OfiBcers’ Assoc., vol x, 

no. 118, supplt. 

Stbwaet, M, j 1934. Edinb. Med. J., xli, 226. 

Stbachan, A. S,, and Simson, 1930. International Conference on Sili- 
F. W. cosis, Johannesburg, I.L.O., series 

F, no. 13, p. 223. 

Walsh, J 1938. Amer. Rev. Tubero., xxxviii, 363. 

Williams, Enid 1944. Report of the Advisory Committee 

on Treatment and Rehabilitation 
of Miners in the Wales Region 
suffering from Pneumokoniosis, 
London, p. 18. 



576 ■ 8 . 093 • 3 = 576 . 852 . 23 {0. diphOierim) 

A NEW IDSDimr FOR THE ISOLATION AND 
IDENTIFICATION OF 0. DIPHTHERIA BASED 
ON THE PRODUCTION OF HYDROGEN 
SULPHIDE 

G. F. W. Tmsdale 

From the Municipal Laboratoryt Queen's University, Belfast 
(PWlTE LXIX) 

In most laboratories tlio diagnosis of diphtheria is based upon (a) the 
naked-eye appearance of the colonies and the morphology of the 
organisms on tellurite-blood-agar (TBA) and (5) the morphology on 
inspissated serum. This entails examination of the cultures on both 
media, both at the end of the first day and on the second day, if a 
number of positives are not to be missed. Even at the end of this 
period, owing to the extreme pleomorphism of some diphtheroids 
and the tendency of certain strains of Corynebacterium dipJitherice to 
approximate to a diphtheroid and more uniform morphology, there 
may still be considerable doubt about the identity of the organisms, 
and further investigations may bo necessary before a result can be 
given. Such doubts and delays lessen the value of the method, and 
any test which would resolve these doubts and shorten the time 
required would be of the greatest assistance and would much increase 
the usefulness of the method. The production of HjS under the 
conditions described below would appear to be such a test. 

Exferimentai, observations 

During a series of experiments on the effect of certain sulphur- 
containing compounds on the growth of G. diphtherice, dark brown 
haloes were observed round the colonies of the organism on serum-agar 
plates containing Z-oystine and potassium tellurite. On investigation, 
these haloes were found to arise from the interaction of the potassium 
tellurite and the HjS produced by the bacilli from the Z-cystine. The 
haloes often appeared so slowly, three or four days being sometimes 
required, or were so faint that they were of little value in identifying 
G. diphtheria:, though they were never seen round colonies of the 
diphtheroids examined at that time. 

With Bacterium coli, Desnuelle (1939) has showm that, previous 
to desulphuration, Z-oystine is reduced to Z-cysteine and that the 
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presence of hydrogen donators increases the rate at which HjS is 
produced. It was thought, therefore, that the same effect might be 
obtained with G. diphtherice. Suitable amounts of reducing agents 
were added to the medium and, though all of them hastened the 
appearance of the haloes, sodium thiosulphate proved to be by far 
the most satisfactory compound for the differentiation of 0 . diphtherm 
from other organisms. 


Composition of the medium 

(a) Agar made from 1 per cent. Lemco, 1 per cent. Evans peptone, 
0-5 per cent. NaCl, and 2^ per cent, agar, at pH 7-4. (b) Fresh horse 
serum sterilised by filtration. To 100 ml. add 10 ml. Liq. Trypsin Co. 
(Allen & Hanbury), mix, place in a water-bath at 37° C. for four hours and 
then heat at 60° C. for 30 minutes on three successive days, (c) Sheep 
blood, prepared with formalin and ether as described by Wilson 
(1934). (d) N/IO NaOH. (e) Z-Cystine, a 0*4 per cent, solution in 
iv/lO HCl, sterihsed by heating in the water-bath at 60° C. for 30 
minutes and stored in the refrigerator. (/) Potassium tellurite 
(B.D.H.), 1 g., dissolved in 100 ml. of boiled and cooled distilled water 
and stored in refrigerator, (gr) Sodium thiosulphate (Analar), 1 g., 
dissolved in 40 ml, of distilled water which has been boiled and rapidly 
cooled. This is heated at 60° C. in the water-bath for 30 minutes 
and stored in the refrigerator. 

To 100 ml. of (a) at 55° C. add, in this order, 15 ml. (b), 0-3 ml. 
(c), 6-0 ml. (d), 6-0 ml. (e), 3-0 ml. (/), 1-7 ml. {g). Thorough mixing 
during and between each addition is essential. The NjlO NaOH 
should be checked frequently against the N/IO HCl used to dissolve 
the cystine so that no change in pH follows the addition of these to 
the agar. 

The medium, which should be quite transparent, has a faint 
orange colour which fades to straw yellow on incubation. It will not 
keep, but if necessary the plates may be made without the sodium 
thiosulphate, when they will keep indefinitely. The thiosulphate is 
subsequently dropped on to the surface of the plates in the proportion 
of 0-125 ml. per 3J in. plate and allowed to soak in after gen e 
spreading. The plates should be warmed in the incubator immedia e y 
beforehand. 


Appearance of the colonies of organisms which grow on the medium 

C. diphtherisE. The colonies (figs. 1 and 2) appear in 
though their appearance may be delayed for 36 hoiu’s, espema y^^ 
only very small numbers are present. Shortly after they 
visible, faint brown haloes can be detected round the colonies. 
haloes are about 1 mm. wide and have sharply limited ou ® 

As the colonies increase in size, the haloes increase in intensi y 
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Plate LXIX 


CuLTurn jiEDrtJM For C jylVUTUhlil JP 


« 




Pjq j Confluent 20 hour growth of C dtp} thtricc inxlis 

Direct plntmg of tliront fiwftb XlJ 



Fxo 2 — Tho left side of tho pl«to w n 40 hour culture of a throat swab showing 
streptococci (small black colonies) diphthcrouls (black, flattish colonies with no 
halo) and G ihplOtrus gratis {largo shining colonies with a black halo) Tli© 
whito ring round tho colonics at the top is duo to the fresh grej grovrth piling 
up roiuid tho initial black colon cs note tho lessened mtcnsitj of tho discolouration 
around these Tlio culture on the right shows onlj streptococci and a few 
diphtheroids Natural siio 
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they are almost black, but they still retain their sharp edges and no 
diffusion takes place into the surrounding area. The colonies them- 
selves are regular, round, domed and shining and look like small 
segments of highly polished black gloss spheres. Inlermedhis and mitis 
strains retain tills appearance indefinitely, but not gravis strains and 
the irregular strains, wliioh rapidly revert to on alkaline pH in broth ; 
with these, as incubation proceeds, the intensely black colonies become 
slightly greyish, the haloes become more diffuse and less marked, 
and new light grey growth is formed around and piled up on the 
original colonies (fig. 2). The time required for this transformation 
depends upon the speed at which the culture reverses the initial acid 
reaction in broth. The morphology of the organisms on the medium 
resembles that of a short, squat diphtheroid, though oonsiderahle 
pleomorphism is usually present. 

Diphtheroids. These grow on the medium just os on TEA. In 
our experience the great majority, including those from nasal swabs 
which simulate intermedins strains, produce no discolouration of the 
medium ; but on the second day, espeeially if there is confluent 
growth or the colonies are close together, a few show slight diffuse 
browning. This browning is observed only around colonies which 
have already attained a considerable size on the first day and is 
unlikely to cause confusion once the charaoteristio appearance of 
0. diphtherial has become familiar. The appearance of the colonies 
themselves is similar to that on TBA and ranges from white through 
all shades of grey to black. 

streptococci. These occasionally grow on the medium in small, 
flattish black colonies which attain their maximum size in 24 hours. 
If they grow in largo numbers and only a few C, diphtherial ore 
present, they tend to interfere with halo production because of the 
formation of hydrogen peroxide. A small amount of blood is therefore 
added to the medium to reinforce the catalase present in the colonies 
of C. diphtherial ; in addition the blood seems to increase the inhibitory 
action of the potassium tellurite for streptococci. 

Staphylococci. These rarely grow on the medium. Of those that 
do many fail to produce any discolouration, but a few simulate the 
appearance of diphtheroids ; i.c. a faint diffuse browning appears 
after the colonies have grown to a considerable size. 

Proteus. This organism may grow from certain ear swabs. If 
seen before they have spread the colonies are flat, greyish-black, dull 
and regular and are surrounded by a dirty grey zone about 3 mm. 
wide, quite unlike that of 0. diphtherial. 


Mesnlts with the medium 

Tables I-III give the results so far obtained with the medium. 
Each colony was detected merely by its appearance and picked off 
to TBA and Loeffler’s serum ; its fermentation of dextrose, sucrose 
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and starch was determined and its growth on phenol-red broth noted 
AE were morphologically and biochemically 0. diplitherim. 


Table I 

Swabs from cases of suspected clinical diphtheria 


Source 

TBA 

New medlnm 

Total 

Posith e 

Negative 


Negative 

Throat swabs 

33 

380 


377 

413 

Nasal swabs 

1 

23 


23 

24 

Ear or vaginal swabs 

0 

7 

0 

7 

7 


Of the 33 positives on TEA, one was subsequently found to be a 
diphtheroid ; it was negative on the new medium. Of the 4 posithes 
on the new medium which were negative on TEA, 3 contained only 
a few colonies and were not from clinical cases of diphtheria. The 
other was a strain of G. dipJitherice sensitive to small amounts of 
potassium tellurite when grown on TEA. Several other sensitive 
strains have been met with and all grow well on the new medium. 


Table II 

Swabs from contacts 


Source 

TBA 

New medium 

Total 

Positive 

Negative 

Positive 

Negative 

Throat swabs 

5 

162 

6 

161 

n 

Nasal swabs 

2 

6 

2 

6 

■ 


Table III 


Swabs from convalescents 


Source 

TBA 1st day 

TBA 2nd day 

New medium 2nd day 

I 

1 

Total 1 

Positive 

Negative 

Positive 

Negative 

Positive 

Negative 



Throat swabs 

89 

316 

131 

274 

148 

257 

405 1 

Nasal swabs 

13 

85 

13 

86 

14 

84 

98 1 

Ear swabs 

0 

6 

0 

6 

0 

5 



There is marked discrepancy between the results [gte 

second-day TEA plates because many swabs are not receive 
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in the afternoon and have thus only 14-16 hours’ incubation before 
being examined on the following morning. With 24 hours’ growth 
the figures would be liigher, though they would still bo below the 
second-day figures. 

In addition to the results in tables I-III, 641 swabs were examined 
from cases in which classification was impossible onnng to lack of 
information as to source and other particulars. Of these, 00 were 
positive on TEA and 93 on the new medium ; the 93 included 13 strains 
sensitive to tellurite on TEA. 

Of the strains examined, 28 per cent, were milts, 37 per cent. 
gravis, 22 per c?nt. iniermedius and 13 per cent, irregular. 


Discussion 

The production of HjS by G. diphtheria: was first described by Petri 
and Maassen (1893) testing with lead acetate papers in broth containing 
varying amounts of Witte's peptone. Eiirger (1914) described its 
production from 03 ^stino on lead acetate agar containing sheep serum 
and noted haloes round the colonies in 48 hours. These observations 
were not mentioned in the M.R.C. monograph on diphtheria (Andrewes 
el al., 1923) or in the System of bacteriology (Bulloch el ol., 1930) 
and we were unaware of them until after the mechanism of halo 
production had been worked out. Potassium tellurite does not appear 
to have been used previously as an indicator of HjS production. 

Although 0. diphthericB is a very vigorous producer of HjS, especially 
for a non-intestinal aerobe, this in itself does not account for the highly 
charaoteristio appearance of the colonies on the medium. The key 
to this would seem to be found in the changes in the halo and colony 
appearance in strains which rapidly reverse the initial acid reaction 
in broth. Prom these changes it would appear that it is tliis acid 
reaction which causes the retention of the H^S around the colonies 
and in this connection there are two points worthy of note. One is 
that in the quantitative estimation of small amounts of HjS, the 
solution of zinc acetate used to absorb the gas is slightly acidified 
ivith acetic acid, bringing the pH down to about O-O (Tarr, 1933). 
The other is that the mixture obtained by acidifying a solution of 
potassium tellurite with telluric acid absorbs HjS at least as vigorously 
ns the untreated solution. 

There seems to be no necessity to assume that the meoham'sm 
which causes halo production differs in anything but degree &om 
that which is responsible for the colouration of the colonies, either 
on the new medium or on TEA, for the proteins and peptone of TEA 
contain small amounts of cystine. If this is so, then the black colour 
of inilis and intermedins strains is due to the formation and retention 
of HjS in the colonics wliile the different shades of grey in gravis 
colonies arise from the effect of the varying pH on the retention of 
HjS within the colonies. 
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This ability to produce HjS may also account, at least in part, 
for certain findings in clinical diphtheria. For example, the smell 
found in some cases may be due to the evolution of the gas from the 
cystine in the proteins of the membrane, and the blackening that 
results when the membrane is swabbed with potassium tellurite 
solution is probably due to the same cause. 


SUMMABY 

(1) A medium is described for the isolation and identification of 
G. diphthericB. 

(2) The medium is at least equal to tellurite-blood-agar in the 
number of positive results obtained. 

(3) The ease and certainty with which 0. diphtherice can be 
identified is very much greater than with tellurite-blood-agar. 


I am very grateful to Professor W. J. Wilson, for allowing me to examine 
a number of his swabs, and to Dr R. H. Common for assistance with the 
manuscript. 
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THE BOLE OF LEXHCOTAXINE IN THE PEO- 
DUOTION OF THE ANHYDEJ51MIA OF BUEN 
SHOCK 

H. CoLLireniiNE, F. MoDokald and 51. M. SnrpsoN 

Department of Pkannacologi/t ManchaUr University 

A POLYPEPTIDE of Comparatively low molecular weight and capable 
of causing increased capillaiy permeability bns been described in 
inflammatory exudates from various sources (Menkin, 1940 ; 
CuUumbine and Rydon, 1946). This polypeptide was called “ louko- 
taxino " by Slenkin and it appears to bo liberated, after injury, at 
the site of the local damage. Its existenco as such in the circulation 
is doubtful, since none has been detected in the blood of burned 
animals and it is known to bo destroyed on incubation with blood 
serum or plasma (CuIIumbino and Bydon). However, its local 
production at the site of injury might bo a factor in the causation of 
the decreased blood volume and anbydricmia found in bum cases. 
The experiments reported here were designed to see if the systoinio 
picture of anhydrosmia could be reproduced by the localised injection 
of crude preparations of Icukotaxine into the skin. In addition some 
preliminary observations on the toxic properties of the oedema fluids 
produced by tlie subcutaneous injection of Jeukotaxine and by burning 
have been made. 

Methods 

Rabbits %\cre burned, under Nembutal nniesthesia, by exposing their depilated 
abdomens for 00 seconds to a glass vessel containing water at 70° C. 

Two types of leukotoxino preparation were used, namely (i) that obtained 
after the peptic digestion of blood fibrin, and (ii) that obtamed from tho 
extraction of tho burned skm of rabbits. In tho latter case, tho rabbits were 
killed four hours after burrung and tho burned areas of skm — each of about 
150 sq cm — ^wero immediately excised and extracted for leukotaxmo. Simul- 
taneous blood oxammations mdicated tho presence of hsemoconcentration. 
Each burned area of skm yielded about 30,000 to CO, 000 “ -umta ” of leukotaxme. 
The methods of extraction, partial purification and assay of activity have been 
described previously (Cullumbm© and Rydon), 

Red blood'cell counts, hremoglobm estimations (Haldane), blowl and 
plasma specific gravity determinations (copper sulphate method), total plasma- 
protein estimations, blood-urea estimations, and blood-glucose estimations 
(King, 1046) were made on the following groups of rabbits i'- 
ll) Rabbits each with about 160 sq. cm, of depilated abdominal wall burned 
ns described. 

«7 
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(ii) Rabbits each with about 160 sq. cm. of depilated abdominal wall 
infiltrated, under Nembutal anesthesia, with 15 c.c. of a solution of “fibrin 
leukotaxine ” (60,000 “ units ”) in distilled water. 

(iii) Rabbits each with about 160 sq. cm, of depilated abdominal wall 
infiltrated, imder Nembutal anesthesia, with 15 c.c. of a solution of “ skin 
leuliotaxihe ” (60,000 “ rmits ”) in distilled water. 

(iv) Rabbits each with about 150 sq. cm, of depilated abdominal wall 
infiltrated, under Nembutal anesthesia, with 16 c.c. of distilled water. 

(v) Rabbits under Nembutal anesthesia. 

(vi) Rabbits receiving 15 c.c. of a solution of “ fibrin leukotaxine ” (60,000 
“ xmits ”) in distilled water intravenously. 

Rabbits of l-S to 2*6 kg. body weight were used throughout and the dose 
of Nembutal used to produce anesthesia was 30 mg./kg. intraperitoneally. 


REStTLTS 

Anhydrmmia in rabbits 

The average results for each group of rabbits are given in tables I- 
VI and are shown graphically in figs. 1-4. 


Table I 

Effect of burning rabbits' abdomens at 70° G. for 90 seconds. Average ftgures 
for 6 rabbits. Burning done at Z hour 


Timo (hours) 

E.B.C. 
(per c.mm.) 

Hb. 

(per cent.) 

Specific gravity 

Plasma 
protein 
(g.per 100 
c.c.) 

Blood area 
(mg. per 
100 c.c.) 

Slooisapi 
(mg. per 

100 M.) 

Blood 

Plasma 

Z-24 

4,740,000 

58 

1-047 

1-021 

5-4 

26-8 

98 

Z 

5,010,000 

56 

1-0465 

1-021 

5-4 

27-4 


Z-i-4 

6,540,000 

77 

1-057 

1-028 

4-7 

46-8 


*Z + 12 

6,020,000 

65 


... 

4-8 

47-2 

OOi 

Z+24 

5,070,000 

55 

1-047 

1-018 

6-0 

45‘1 


Z-i-48 

4,800,000 

53 

1-046 

1-020 

6-1 

4U'2 



* Average of 3 rabbits. 


Table H 

Effect of subcutaneous injection of 60,000 units of “ fibrin leukotaxine u 
rabbits’ abdomens. Average figures for 6 rabbits. Injection given a 


hour 


Time (hours) 

E.B.C. 
(per c.nun.) 

Hb. 

(per cent.) 

Specific gravity 

Plasma 
protein 
(g. per 100 
c.c.) 

Blood urea 
(mg. per 
100 c.c.) 

D!«d 1 
‘'’““fan’ 

(mg.pcrlOO 
C.C.) I 

Blood 

Plasma 

Z-24 

Z 

Z+4: 

*Z + 12 
Z4-24 
Z-f48 
Z-f96 

3.880.000 

5.700.000 

7.230.000 

6.650.000 

5.270.000 

5.080.000 

4.790.000 

64 

60 

75 

70 

55 

50 

48 

1-050 

1-049 

1-054 

1-0465 

1-046 

1-045 

1-0214 

1-0216 

1-0210 

1-021 

1-024 

1-0226 

6-5 

5-6 

4-8 

4- 8 

5- 1 

6- 3 

28-1 

30-3 

38-0 

45- 1 

46- 3 
44-2 

107 1 
117 ‘ 
251 ! 
235 : 
133 ; 

••• ! 



Average of 3 rabbits. 
















LEOKOTAXINE AND EVEN SHOCK <<>0 

It will be seen that the groups of burned rabbits and of those 
receiving “fibrin” or " slcin leukotaxine” hypodermically show 


Table HI 

Effect of subcutaneous infection of C0,000 units of “ sHn leulcotaxme *’ into 
rabbits' abdomens. Average figures for G rabbits. Infection given at Z 


hour 


Time Oioun) 

lUB.C. 
(per c.mm.) 

Hb. 

(percent.) 

Bpcciflc Rravlty 

FUemA 
protein 
(B. per 
100 C.C.) 

Blood urea 
{m«. per 
100 c.c.) 

Blood 
elucosc 
(mg. per 

100 c.c.) 

Blood 

rUsma 

Z~24 

6,040,000 

60 


1*020 

5*2 

27*6 

105 

z 

6,600,000 


1046 

1*020 

5*2 


108 

Z+4 

7,290.000 

72 

1*0825 

1*021 

4*2 

KSfl 


•Z-f-13 

6.520,000 




4*5 


208 

Z+24 

6 . 020,000 

62 

1*643 

1020 

4*0 


125 

Z+48 

5,210,000 

48 

1*045 

1*021 

5*0 

41*G 


Z+96 

4,890,000 

40 

1*043 

1*0215 





• Average of SiabbItB. 


Table IV 

Effect of intravenous infection of 60,000 ** units** of ** fibrin leukotaxine** into 
rabbits. Average figures for 0 rabbits. Infection given at Z hour 


Time (houn) 

B.B.C. 

(per c.cm.) 

Eb. 

(per cent.) 

Bpcciflc gravlt? 

Flarma 
protein 
(B. per^ 
100 C.C.) 

Blood urea 
(mg. per 
1DOC.C.) 

Blood sugar 
(rag. per 
100 c.e.) 

Blood 

Flasma 

Z-24 

6,900,000 

01 

1049 

1*0205 

6*2 

29*2 

108 

Z 

6,830,000 

01 


1021 

6*5 

24-3 

112 

Z+4 

6,620,000 

68 

1*046 

1*020 

6*1 

29*3 

116 

Z+24 

6,620,000 

69 

1*049 

1*021 

6*6 

31*6 

no 


Table V 

Effect of subcutaneous infection of wofonfc (0*9 per cent.) saline into rabbits* 
abdomens. Infection at Z hour. Mean of G rabbits 


Time (hours) 

R.B.C. 


Bpecifle gravity 

Plasma protein 
(g. per 100 c.c.) 

(per c.mm.) 


Blood 

Plasma 

Z-24 

z 

5.600.000 

6.390.000 

65*0 

660 

475 

22 .’o 


z+4 

6,430.000 

60*5 

480 

21*6 


Z+24 

6,630,000 

61*0 

500 

22*0 


Z+48 

6,700.000 

61*0 

610 

21-0 

6*1 


substantially the same blood picture. The red blood-cell count, the 
blood-hEcmoglobin content and the blood specific gravity all show a 
marked increase within four hours of injection or burning. This 
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increase is followed by a fall to lower than the pre-injection or m- 
burning levels. Similarly both the burning of the skin and tlii 



subcutaneous injection of leukotaxine are followed y a 2g^.el 
in the blood-sugar level, a more sustained rise in the oo 
and a fall in the plasma-protein content. 


ICeither did a group which received 00,000 “ units ” of “ fibrin leuho- 
taxme ” intravenously ; here, if anything, a picture of liaimodilution 
was produced. 



2h 













O.PSRIOOcc. MC. PER too ce. MG. PER 100 cc. MILLIONS PER CMM. 
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Fig. 3. — Effect on the hamoglobin content and specific gravity of the blood of (a) 
intravenous leukotaxine, (6) subcutaneous saline and (c) anaesthesia alone. 



Fig. 4. — ^Effect on blood constituents of (a) intravenous leukotaxine, (6) subcu 
saline and (c) anaesthesia alone. 
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LEUKOTAXINE AND EVEN SBOOK 

Hence wo can say that about 60,000 “ units ” of leukotaxine can 
be extracted from 160 sq. cm. of rabbit skin burned at 70" C. for 00 
seconds, and that the subcutaneous injection of 00,000 units of 
this leuliotaxine into normal rabbits causes marked local cedema and 
reproduces substantially the blood picture that follows burning of 
tlie skin. 

iToancit?; of biiru cedtma fluid 

Tlie production of loukotaxino in bum cedemfi fluid is not tlie 
whole story, however, in the pathogenesis of shook and deatli from 
cutaneous huming. Tims Wilson et al. (1936-37) havo described the 
toxic properties of the cedoma fluid obtained from the humod skin of 
rabbits. We have repeated their experiments and havo confirmed their 
results. Eighteen rabbits under Nembutal anicsthcsia were burned 
as before, sis rabbits were killed at 4 hours, six at 24 liours and six 
at 48 hours after bunung. The burned and codematous areas of skin 
were excised, minced and filtered under pressure. The resulting 
fluids were injected intraperitoncally into mice and intravenously 
into normal rabbits. The results (table TO) show that, whereas 

Tabij: VII 


Tozicitif of adetna fluid ohlained from rabhU fl//pr [a) huminff at 70® 0, 
for 00 itcond^ and (6) subcutamous injection of 00,000 “ ” of okm 

Uukotazine 


CEAema fluid 
remo^‘ed 

Toxicity to foico . 
((ntnit«rltoneAl Injection) 

T/7xlcar lo 
(Intravenous Injection) 

DceaEcta c.c./e. 

tS-hoor moitsUty 

DoMBe )n C-C.Jks. 

JSOiour mortehty 

(a) Burzxio^ at Z tiour 

Z-l-48 hours 

001 

o;io 

10 

3/4 


0-025 

7/10 



„ 

0-05 

10/10 



Z+24 

0-05 

0/10 

10 

0/4 

Z-f4 „ 

0-05 

0/10 

10 

0/4 

(0) Xieukotaxiso suhcuttmeously at Z hour 

Z+48 hours 

001 

O/IO 

10 

4/4 

„ 

003 

7/10 



„ 

0*03 

0/10 



2-f24 „ 

003 

0/10 

10 

6/4 

Z+4 „ 

0*05 

0/10 

10 

0/4 


Tho loukotftxino solution (3200 "iwUh" per c.c.), on injection intraporitonefllly 
into mice, itself gavo a 48-hour mortality of 1^10, 


the fluids obtained at 4 and at 24 hours were without eifeefc in tiie 
doses used, the 48-hour fluid was extremely toxic to both the mice 
and the rabhits. 
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Moreover, a fluid with similar toxic properties to mice and rabbits 
can be obtained from rabbit skin 48 hours after the subcutaneous 
injection of crude leukotaxine solutions (60,000 “ units ” per rabbit) 
The fluids obtained 4 and 24 hours after the subcutaneous injection of 
leukotaxine solutions were not toxic in the doses employed, nor were 
the original leukotaxine solutions. 

The nature of the toxic factor in the 48-hour cedema fluid is at 
present under investigation. This fluid contains choline (04-0-7 mg. 
per c.c. by assay, after acetylation, on the isolated frog’s rectus 
abdominis muscle) and histamine (3-4 pg. per c.c. by assay, after 
extraction by the method of Barsoum and Gaddum, 1935), but the 
4- and 24-hour oedema fluids also contain comparable amounts of 
these bases. 


Discussion 

A polypeptide, leukotaxine, can be extracted from tie burned 
skin of rabbits. The subcutaneous injection of comparable quantities 
of leukotaxine into normal rabbits causes marked local cedema and 
reproduces substantially the blood picture which follows burning. 
This blood picture of hsemoconcentration, hyperglycsemia, etc., has 
been described after burning both in man and in the experimental 
animal (Davidson, 1926 ; Greenwald and Bhasberg, 1926 ; Beard and 
Blalock, 1931 ; Mclver, 1933 ; Clark and Rossiter, 1943-44; Cameron 
et al., 1945 ; etc.) and would seem to be typical of anhydraemia 
produced by a variety of means (Marriott, 1923 ; Govier and Greer, 
1941 ; etc.). It is tempting to suggest that, after burning, one of the 
products of tissue damage may be a polypeptide capable of causing 
local increased capillary permeability, oedema, and so the systemic 
blood picture of anhydraemia. 

The enzyme systems are, no doubt, affected and we have shown 
that the skin proteinase of Beloff and Peters (1944-45) can produce 
leukotaxine by the digestion of blood fibrin (Cullumbine and Rydon). 
Other workers have described the presence of proteolytic agents in the 
bleb fluid of human bums (Zamecnik et al., 1945). 

The suggestion that a toxin is liberated from burned tissue is, o 
course, not new ; Harkins (1938) listed twenty suggested toxiM. 
Our leukotaxine preparations on intravenous injection in 
substantial doses were apparently without effect. The only hiologica 
properties they appeared to possess were the production of increase 
capillary permeability and the migration of leucocytes at the si c 

of their intracutaneous injection. _ r i ok 

Leukotaxine cannot be the only factor in the production o ® ° 
and death from cutaneous burning. Wilson et al. described a 
factor in bum oedema fluid and we have confirmed this. 
seem that the oedema fluid produced by the j 

of leukotaxine contains a factor with a toxicity similar to t a 
after burning. 
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SuMouBy 

Leukotaxine can be extracted from the burned skin of rabbits. 
The subcutaneous injection of comparable quantities of loukotaxine 
into normal rabbits causes marked local oedema and reproduces sub- 
stantiolly the blood picture which follows burning, while, just as after 
burning, the oedema fluid it provokes after 48 hours is highly toxic. 
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THE INELtrENCE OF CUTANEOUS BURNING AND EEUKOTAXINE 

ON THE ADENOSINE EQUIVALENT OF THE BLOOD OF 

RABBITS 

•H. CuiXTrWDINE 

Department of Pluirnxacology, Vnxveraity of Manchester 

A polypeptide similar to Monlcin*s ** loukotaxino *' can be extracted from 
tlie burned skin of rabbits (Cullurabine and Rydon» 1046). The subcutaneous 
injection of leukotaxino into normal rabbits causes a marked local oedema 
and reproduces substantially the blood picture of htemoconcentration, h 5 T)er- 
glycromia etc,, which follows burning and accompanies anhydnemio (Cullumbine 
et al.t 1647). Stoner and Green (1045) have shown that several different forms 
of bodily insult, including dehy^ation shock following the injection of hyper* 
tonic glucose, are accotnpamed in tho rabbit by an incteasoi in tho adenosine 
equivalent of tho blood. In tho present papor wo detail the results of experiments 
in which tho adenosine equivalent of tho blood of rabbits following cutaneous 
burning and the subcutaneous injection of loukotaxino was determined. 

Methods 

Kabbits of 1*5 to 2*5 kg. body weight were used. They were burnod, under 
Kembutal amesthoaia, by exposing tbeir depilated abdomens for 00 seconds 
to a glass vessel containing water at 70^ C. £ach rabbit had about 150 sq. cm. 
of tho abdominal wall burned in this wny. 

In a further group of rabhits, about 160 sq. cm. of the abdominal woU 
of each animal was infiltrated, under Nembutal anxesthesia, with 16 c.c. of 
distilled water containing about 60,000 ** units ’* of loukotaxino prepared by 
the peptic digestion of blood fibrin. Control groups of rabbits wore similarly 
infiltrated, \inder Nembutal onreathesia, with 16 c.c. of distilled water, or received 
Nembutal alono. Tho dosage of Nembutal used to produce anrosthosia was 
30 mg./kg. intraperiteneally. 

Blood samples 'wore taken from the oar vein. Experimental and control 
onimala wore similarly treated. Hemoglobin concentration (Haldane) and tho 
adenosine equivalent of tho blood (by the method of Drury et al.^ 1937*38, after 
extraction according to Barsoum and Gaddum, 1935) were determined before 
and at various times after the burning or injection. 

SesuUs 

The group of rabbits suffering from cutaneous burns showed an overage 
increase of 27 per cent, in tho blood level of tho adenosine equivalent (minimum 
increase 20 per cent., maximum 38 per cent., table I). A group of rabbits bled 
ot similar times ond anxesthetised with Nembutal in a similar manner showed 
on average increase of only 7 per cent, in tho level of tho adenosine equivalent 
(table 11). The increase shovm by the group of burned rabbits is significant 
ot P = 0-05. 
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Babbits injected subcutaneously with an aqueous solution of leukotaxino 
showed an average rise of blood-adenosine equivalent of 24 per cent, (minimum 

Tabke I 

Effect of burning on the level of the adenosine equivalent in the blood 


Adenosine equivalent (/ig. per c.c. whole blood) correeted for Hb. per eent. 


Babbit no. 

— 

Before burning 

After burning (time in hours) 

0-5 

1 

2 

4 

6 


250 

275 

310 

320 

300 

280 

270 


230 

210 

310 

250 

250 

210 

200 


280 

300 

320 

360 

310 

290 

300 


290 

280 

400 

350 

320 

330 

300 


310 

340 

390 

410 

380 

320 

290 

6 

190 

230 

250 

300 

300 

220 

210 


Tabu: II 


Effect of Nembutal (30 mg.jkg.) ancesthesia and of subcutaneous 
distilled water on the adenosine equivalent of the blood 


Rabbit 

DO. 

Treatment 

Adenosine equlvaient (/rg. per c.c whole blood) corrected for Hb. per coat. 

Before Injection 

After injection 

0-5 

1 

2 

4 

0 

13 

Nembutal 

190 210 

220 

230 


210 


14 


2S0 270 

300 

310 

290 

260 

280 

15 


320 290 

310 



290 

280 

16 

Water 

240 240 

260 

210 


220 

250 

17 


220 250 

220 


240 

240 

230 

18 

»> 

270 290 

310 

320 

300 

280 

270 


TABI.E nr 

Effect of subcutaneous leukotaxine on the adenosine equivalent of the blood 


Babbit no. 


7 

8 
9 

10 

11 

12 


Adenosine equivalent (ge. per c.c. whole blood) correeted for Hb per cent. 


Before injeetion 


300 

330 

250 

270 

310 

290 


320 

280 

260 

270 

300 

290 


After injeetion (time in hours) 


0-5 


410 

390 

270 

310 

350 

320 


370 

360 

320 

390 

380 

310 


360 

360 

310 

380 

360 

280 


300 

320 

300 

280 

300 

200 


300 

290 

240 

290 

320 

300 


increase 7 per cent., maximum 44 per cent. ; table m). Each of 

received 60,000 tmits of leukotaxine subcutaneously and we had oun ^ 

(Cuhumbine et al.) that 30,000-60,000 units of leukotaxine can oe 
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from 160 sq. cm. of tlio abdominal sltin of rabbits after cutaneous burning at 
70^ C. for 00 seconds, 

A control group of rabbits receiving a subcutaneous injection of distilled 
water while under Nembutal anicsthesift showed n mean rise of blood-adcnosino 
equivalent of 9 per cent. The rise occurring in the loukotaxine-injected rabbits 
is significant at P = 0*06. 

DlSCUSStOK 

Tliese experiments show, therefore, that the cutaneous burning of rabbits 
provokes au early increaso in the adenosmo equivalent of the blood. About 
30,000-60,000 units of leukotaxine can bo extracted from the burned area (skin 
and cedema fluid) of such rabbits, and the subcutaneous injection of 60,000 
units of leukotaxino into normal rabbits causes an increase in the adenosine 
equivalent of the blood similar to that produced by burning. 

The increases of blood-adenoaino levels hero reported are less than tlioso 
ob?er\'ed by Stoner and Green, but in their experiroonta Iho rabbits wore 
subjected to a rapidly fatal degree of trauma (sundval less than 6 hours), whereas 
our rabbits survived for 2-4 da>'8 after the experiment. 

If these results are added to the findings of CullumVmo tt at. it is evident 
that in rabbits substantially the same picture can bo produced in two different 
ways, the first by burning the skin of the animals and the second by injecting 
them subcutaneously with amounts of lenkotaxino comparable to those 
extracted from the burned skin. Both gK'o rise to fD<loma fluid containing 
similar amounts of choline (burning 0‘4-0*7, lenkotaxino 0‘3*0*65 rog. per c.c.) 
and histamine (burning 3-4, lenkotaxino 2-6 mg, per e.o .) ; in both, Wilson’s 
toxic factor (Wilson €i al, 1036-37) is present in t)io 48-hour and absent from 
the 4- and 24-hour cedema fluids ; and both give tho samo blood picture, with 
increases in the hoimoglobin, red-cell coimt, specific gravity, blood urea, blood 
sugar and adenosine equivalent. 


SuMMAnY 

The adenosine equivalent in the blood of rabbits is raised to similar levels 
by burning the skin of tho animals and by injecting them subcutaneously with 
amounts of leukotaxino comparable to those extracted from tho burnod skin. 

Other points of similarity noted in previous experiments are summarised 
in the discussion. 
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AN BIPROVED TECHNIQXIE FOR BrOCULATION OF FERTILE EGGS • 

L. HoYra 

From the Publia Health Laboratory, Northampton 

The technique described in this paper was developed to overcome certain 
difficulties experienced in performing inoculations of the amniotic sac by the 
method of Burnet (1940). Inoculations can bo made with great precision and 
under direct observation to any desired portion of the egg contents. 


Inoculation of the amniotic sac 

Twelve-day-old fertile eggs are used. The narrow end of the egg is sterilised 
with a suitable antiseptic (e.g. 0-5 per cent, brilliant green 4-0>5 percent, crj-stal 
violet in 50 per cent, alcohol) and a circular cut is made half-way through tbs 
shell round the narrow end, the circle being l'6-2’0 cm. in diameter. A small 
square window (0-6 cm.) is then cut in the centre of the circle at the extreme 
tip of the egg and the square of egg shell removed without damaging the egg- 
shell membrane. A small hole is then made at the broad end of the egg into the 
air sac. The egg is now placed with the narrow end upwards and the egg-shell 
membrane in the centre of the square window perforated with a needle without 
damaging the underlying chorio-allantoic membrane. Suction is now applied 
to the hole at the broad end and air enters at the narrow end ; the chorio- 
allantoic membrane separates from the shell and an artificial sir space is 
created. The egg shell is then broken away to the limits of the circle first 
marked out, thus creating a circular window 1-6-2-0 cm. in diameter. The 
egg is now illuminated by a powerful beam of parallel light 1 inch in diameter 
directed at the side of the egg. A Beck intensity lamp such as is used for rovero- 
scope illumination is suitable. The whole contents of the egg can then be clearly 
seen through the window, siuce the exposed area of chorio-allantoic mombtatie 
is very thin, transparent and free from large vessels. Inoculations can now 
readily be made into the chorio-allantoic membrane, the allantoic sac, the yolk 
sac, the amniotic sac, or the embryo itself. For inoculation of the amniotic sae 
a Pasteur pipette is drawn out very fine and broken off to give a sharp end. 
The iaoculum (O' I c.c.) is drawn into the pipette, which is then passed through 
the chorio-allantoic membrane and driven with a sharp stab through the 
amm'on. The inoculum is introduced and followed by a small bubble of tut 
which, if the inoculation is correct, can be clearly seen lying in the amniotic 
sac. The window is now closed with a small metal cap 2-0-2-5 cm. in diamete 
dipped in molten paraffin wax. The metal caps of ordinary serow-capp 
bottles are very suitable. The egg is then incubated with the cap upwards. 

The success of the technique depends on the use of a sufficiently power u 
lamp to illuminate the egg and on the use of an extremely fine and sharp pi^ ® 
to make the inoculation. In a small proportion of eggs the narrow end is en we F 
occupied by the yolk sac and direct inoculation of the amniotic sac 
possible, but if a small slit is made in the chorio-allantoic membrane a paw ^ 
fine curved forceps can be introduced, the amnion seized and drawn up 
manner analogous to Burnet’s technique, and the inoculation made. _ 

By removing the cap the egg contents may be injected daily 
course of incubation with the aid of the lamp, and samples of j, 

amniotic fluid may be removed. The technique has been very success u m 
with influenza viruses. 


* A report to the Medical Research Council. 


EXFEEIMEHTAL OARGINOQEEBSIS 


481 


KErCRENCE 

BoitSET r SI • • • ’ 

’ ■ XVIII, 3S3. 


616 — 006 . 384 — 021 . 6 (Cuniculus) : 547 . 689 (oholanthrcno) 

AN -UNSCCCaCSSFUL ATTEMPT TO INDUCE GLIOSUTA IN 
RABBITS IVITH CHOEANTHRENE 

feLEK RtISSIEU, 

Trorn the Dtpartmmt^ oj Pathology in the UniitrsiUf of Bdmburghf 
and the Chrtstic HospttaU MancJiester 

{Pu^TR LXX) 

This experiment -was the sequel to a study of human ghomata (Russell, 
1941) and its object -was to find out what types of tumour growtli miglit develop 
m the brain of the rabbit m reaponao to the proBcnce of a carcinogen. 

The polymorphism of human ghomata. is vrcll knovm and has led to the 
Tcmarkablo histological subdiviaions inaugurated by Bailey and Cushing (192G). 

Experimental attempts to induce gliomata in the mouse bram by th© 
implantation of caromogona have resulted m tumours which have been con. 
sidered analogous to the human types and with as wide a range of variation uj 
morphology Various carcinogens were employed , methyl cholanthreno by 
Sehgman and Shear (1939) and Zimmemmn and Arnold (}941)» and 1 . 2 . d . G. 
difeonxanthmccne contained in choicstcrol pellets by Peers (10-40) E'^nmentg 
with mfs and rabbits have boon less numerous and less successful (Bertrand 
and Gruner, 1938, using 1 1 2 benzpyrene , and Oberlmg cf al , 1930, using 
3 4 benzpyrene) 

It was hoped that the rabbit bram, bemg larger then tlint of the mouse, 
might provide a more suitable medium m which to study neoplasia , further, 
it 13 very easy to implant material into the cerebral cortex of the rabbit without 
fear of mducmg more than a minimal mesodermal reaction from the moningcg 
and tissues of the scalp On the other hand it was realised that rabbits do not 
seem fa respond to carcinogens ao readily as mice, and that, as their span of life 
IS greater, a longer experiment would be necessary. 

The experimental details are summarised m the accompanying table. The 
rabbits were divided into experimental and control groups , the former being 
implanted with cholanthrone— a Imown carcinogen, the latter with antliracone, 
which has no carcinogenic activity. These substances were used in pure form 
compressed into pellets of about 20 mg. weight By this means chemical injury 
to the bram from organic solvents and the complication of phagocytic reaction 
around fat solvents were ovoidod. Tliroe aites were chosen for the implants—- 
the cerebral cortex, the eye and the cerebellum The cerebral cortex implant 
is bj far the easiest operation and the results m that group are those to which 
most attention was paid In tlie cerebellar operation bleedmg may be so profua© 
that the pellet becomes displaced, and m the eye operation the 20 mg pellet 
was too largo for a safe trephmo hole and smaller doses had to be used. 

The animals were bouglit m the open market m 1941 and varied m ago, 
weight and breed. Most of them wore infected with coccidiosis and a few had 
helniuithio infections , their blood counts were as variable as was to bo expected 
m such a mixed group At intervals during the four and a half years of 
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the experiment some of tlie animals died of intorcurrent disease but about 
half the original nmnber were fat and well at the end of 1945 wlien the experi- 
ment was ended. The results were negative ; no indication of tumour grosrth 
was found in any of the rabbits at any time. 


Tabm: 

Details of an unsuccessful attempt to induce gliomata in rabbits 


Babbit no. 

Site of implant 

Pcilet of choianthteno 
or anthracene (\vt. in mg.) 

j Sun'lval nrtcr taplint 
! 

Expbbimentai. anovp (choi.axthbexe) 

218 

Cerebrum 

20 

4 JTS. 

Died 

220 

>> 

20 

4J 

Kdlcd 

222 


20 

4 months 

Died 

224 


15 

44 yrs. 

Killed 

226 


15 

4 n 

Died 

228 


IS 

4^ f, 

Killed 

230 


. 16 

4i „ 

Died 

232 * 


20 

4.4 „ 

Killed 

234 


20 

15i months 

Died 

236 

„ 

20 

44 yrs. 

Killed 

238 

„ 

20 


Died 

240 

Eye 

c. 4 

4^ yrs. 

Killed 

242 


c- 4 

6 months 

Died 

244 


c. 4 

4J yrs. 

Killed 

246 


c. 4 

3i'., 

Died 

262 

Cerebellum 

20 

4i 

Killed 

264 

266 

.. 

20 
c. 12 

4t? 

4i 

Died 

Killed 

268 

„ 

c. 15 

4i „ 

Killed 

270 


c. 12 

3j% tf 

Died 
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Cerebrum 

20 

216 


20 

217 


20 

219 


10 

221 

Eye 

20 

241 

c. 4 

243 


c. 5 

263 

Cerebellum 

c. 12 

265 

ft 

c. 12 


20 months Vied 


4 yrs. 
4J tf 
4i „ 
2f!r .. 
H .. 
4i .. 
4i 

4i „ 


Died 

Killed 

Died 

Killed 

Killed 

lulled 

Died 

Killed 


* See figs. 1 and 2. 


There is little to be said about the histological reaction of the 
to the presence of either anthracene or cholanthrene m this form. . 
were implanted aseptically and remained in the brain as immo i e 
bodies, generating around them minimal glial reaction (figs. 1 I * 


mesodermal giant cells were sometimes recognised. . 

These negative observations are published in order to wliich 

importance of factors other than the carcinogen in neoplasia, 
are not only species specific but which may even have a hrai c 
within a given species. 
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Fjo 1 — Section of brain m rabbit 232 Rhowm/j tho pocket of txiiction formed m the 
cerebral cortex around ft cholaulhrono pellet winch Imd been implanted 4^ jears 
before x C 



Fia 2 Higher power mow of part of tho wall of the pool ct which contained the 
cholanthrene pellet, showing minimal glml reaction x 00 




CARCINOMA COLl IN VLCBRATIVE COLITIS 


4S3 


' Summari/ 

This paper is tlio record of an unsuccessful attempt to induco gliomata in 
rabbits by implanting a pellet of chotanthrcno into parts of tho nervous system. 
No tumours doveIo|Sd, although about half of tho animals Burvnv«l for four 
and a half years after the implantation had been carried out. 

I have to thank Trofcssor Murray Drcnnan for allowing mo to undertake 
this long experiment in his department, Df Wjlliam Blackwood for oxamining 
specimens from animals which died while I was away from Edinburgh, and 
Dr A. Haddow for the eholanthreno and anthracene pellets. 
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EXTENSIVE CARCINOMATOUS CHANGE IN A CASE OF 
CHRONIC ULCERATmS COLITIS 

W. McI. Rose 

From the Department 0 / Patholooy an<I Bacteriology, 

University of Leeds 

The incidence of malignant change in cases of chronic ulcerative colitis 
has been the subject of many comm\micatioiui in the Utoraturo of the United 
States, but no paper ha$ been found in a search of English journals covering tho 
past twenty-five yeare. This case is reported briefly, for it presents most of the 
features said to be characteristic of the condition, and so may lead to a better 
recognition of this interestii^ association. 

Case report 

Clinical history. Mrs G. P,, aged 27 yeare, was admitted to tho General 
Infirmary at Leeds on 20,8.4f} complaining of recurrent lower abdominal pain 
and diarrhma. She stated that she had first suffered from an attack of diarrhea 
in 1938 when, at the ago of 18 yeare, she was confined to bed under medical 
care for six weeks. Since that time she has been subject to recurring attacks 
lasting about a month, followed by remissions of variable length, tho last and 
longest of which was of about one y^r’s duration. The attacks consisted 
m pacing about ten watery steals ui 24 hoars ; only on rare occasions had she 
noticed any mucus or blood. Her appetite remained good in these relapses, and 
she not much inconvenienced, for over tho years she had been married 
and had homo a eon vrho is now four years of age and healthy. 
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In 1944 she attended the out-patient department, -when a barium enema 
showed the typical changes of ulcerative colitis. 

During the month which preceded her admission on the present occasion 
she had experienced the worst attack to date, and for the first time there was 
severe pain, always in the lower abdomen. Examination showed that she was 
rather wasted — ^her best weight had been 10 st., and she was now 7 .at. 3 Ib. 
Her finger nails were bitten to the quick. General examination revealed nothine 
of note. Rectal examination showed the presence of a polypoidal mass in tlie 
ampulla. It siuroimded the lumen of the gut and was neither tender nor fixed. 
A biopsy showed an adenomatous polyp with slight irregularity of the cells, 
but apparently benign. There was considerable chronic inflammatorj’-ccll 
infiltration. A further barium examination on 31.8.46 merely confirmed fho 
previous report. 

Temporary improvement followed and the patient was able to go home. 
On 25.10.46 she was readmitted with much lower abdominal pain and in- 
continence of fffices. After preliminary transfusion she was submitted to 
laparotomy, when extensive (? neoplastic) involvement of the large intestine 
was noted, and a de Pezzer catheter was inserted into the emeum. Death 
ocemred 24 hoins later. 

Post-mortem findings. A post-mortem examination was made on 7.11.4G 
by Professor M. J. Stewart. The main findings were as follows. 

On opening the peritoneal cavity there was formd a localised abscess between 
the sigmoid colon and the left postero-lateral abdominal wall. It was effectively 
sealed off from the peritoneal cavity by the great omentum. 

The emoum, ascending colon and transverse colon were the seat of advanced 
ulcerative colitis. In the caeemn and ascending colon the lesion was haraor- 
rhagic, and here very little mucosa remained. In the region of the q)lenio 
flexure there was a sharp change in the character of the lesion. For about 
six inches there were numerous polypoidal projections from the mucosa. Below 
this there was frank malignancy, confined to the mucosa in the sigmoid colon, 
but in the rectum there was a cancerous mass some 3 cm. in thickness encircling 
the viscus and involving the whole thickness of the wall. The abscess noted 
earlier arose from a perforation of the sigmoid colon. The malignant change 
ceased about 8 cm. from the anus, and this last portion of the bowel showed 
two apparently independent polypoidal masses. Small neoplastic deposits were 
present in the peritoneum of Douglas’s pouch and there was evident invasion 
of regional lymph glands. The small intestine was normal throughout. 

Incidental findings were a thyroid gland which showed moderate Ijunp 
adenoid change, a liver which was the seat of irregular patchy scarring ffie 
seen after hepatic necrosis, although there was no history of hepatitis , 
lesion was proved histologically to be old and well healed. j k p1 

Histology. Histological examination of portions of the affected ow^ 
showed that the malignant area was a glandular, mucus-forming careworn^ 
and the deposits in the lyunph glands were of the same type. The por ion 
the bowel which had not imdergone malignant change showed typical . 

ulcerative colitis with much fibrosis of the submucosa. There was no in\ o v e 
of the muscle in the parts examined. 


Discussion 

In England at least the change from simple ulceration to 
cases of clwonic ulcerative colitis does not appear to bo a common o ^ 
case record has been found in the literature of tliis coimtry in the pas 
and the condition is not mentioned in Stewart’s Crooman Lee ur 
Hurst (1946), in his article in Price’s Textbook of tncdictne, ^av 

small polyrpi which may form during the healing of chronic ulcera iv 
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become malignant. By contrast, tboro is an oxtonsivo American litoraturo on 
the subject, tho main -writer being J. A- Bargon of tho Jfayo Clinic (Brust and 
Borgen, 1934 ; Bargen tt al., 1938*39). There aro in fact many publiahod sorics, 
ono of thorn containing os many as nine cosos (CattoU and Boehmo, 1040). 
Bergen considered the reports of 871 proved cases of chronic ulcerative colitis 

491 males and 380 females — and found that tho incidence of malignant change 

was 3-2 per cent., a figure which is tho more striking when ono realises that the 
incidence of cancer of tho colon revealed in tho vital statistics of tho XJnitcd 
States for the same period was 0*011 per cent. 

A consideration of tho main articles and tho detailed case reports makes it 
cleat that there ore some characteristic features of this condition, many of 
which are exhibited by tho cose boro recorded. (1) Tho average duration of 
symptoms before tho onset of malignancy is about nine years. (2) !Malignant 
change is seen most often in those whoso symptoms begin in childliood or in 
young adult life. (3) DifToront parts of the bowel are usually affcoted simul* 
taneously and tho malignancy is of high grade. (4) Tho molignant change is 
heralded by a change in symptoms which, previously, had often boon constant 
in character for years ; the course thereafter proceeds rapidly downliill. 

There would appear to bo a difference in the incidonco of this association 
in the "United States and in this country, for there can bo little doubt that the 
condition is raro in Great Britain. Tho post.mortcm records of tho General 
ibifirmary at Leeds have been examined since 1910, and although there are 
72 cases of ulcerative Colitis recorded, no case of malignant change was noted 
in any of them. Tho incidonco of carcinoma of tho intestine, excluding duo- 
denum and rectum, in England and Wales for tho ten years 1032*1941 was 
0«016 per cent., which agreoa closely with tho findings in the United States. 
It may well be that tho majority of these cases die in their own homes after a 
long illness and so do not como to autopsj% Onco malignant change hos taken 
place the outlook would appear to bo hopeless in tlio great majority of oases, 
but it may bo poasiblo to dotermino that a certain tj’po of case is especially prone 
to pursue this course. If so, there may bo justification for some of tho heroic 
surgical measures hitherto employed, which, in recent years, have rather fallen 
into disrepute. 

Smntnarif 

1. A case of chronic ulcerative colitis is reported in which carcinomatous 
change affecting a long reach of tho largo bowel occurred. 

2. The lack of roporta of such cases in tho English literature and thoir relative 
frequency in that of tho United States is noted. 

3. Attention is drawn to the room characteristic features of tho reported 
cases : the long duration of tho coUtis before tho malignancy supervenes, the 
early age incidence and tho high-grado malignancy onco it has appeared. 

I should like to express my thanks to Professor ^latthow Stewart for tho 
suggestion to publish this case report and for liis assistance in tho preparation 
of the paper. 
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A XEW WAY OF APPLYESTG nnWERSIOY OIL 
Adeiaxtts Pijfee 

From the „ histituut vir Siektekunde ”, University of Pretoria, 

South Africa 

For over seventy years now microscopists have dipped rods into bottles of 
immersion oil and ?ried to transfer a suitable drop to a microscope slide or 
a lens surface. It is an awkward method and may have persisted mcreiv 
because microscope makers supply oil bottles and rods free. 

The inherent shortcomings of the method became manifest when I was 
working with a microscope in a nearly horizental position. This necessitated 
the introduction of large drops of oil both between the darkground condenser 
and slide and between the coverslip and objective, because gravity combined with 
movement of the slide caused loss of contact unless the original drop was large. 
Getting such large drops into place called for skilled and quick manipulation. 

Accordingly I looked round for a better method, and now employ a dropping 
bottle as illustrated (fig.). Instrument catalogues list it as a Schuster bottle 

and its volume is about 30 c.c., but it works 
best with only a few c.c. of oil. The oil h 
poured in through the opening on the right, 
which is then closed with a cork. A gin’s 
stopper would become sticky and require 
cleaning. 

To deliver a drop of oil, the bottle is 
tilted so that the oil runs slowly into the 
thin spout on the left, giving time to bring 
the tip of the spout to the spot where the 
drop is to be deposited. Several drops can 
be got out in rapid succession with a 
single tilting. The bottle is returned to 
the upright position as soon as enough oil 
has been deposited. The longer the tip b 
kept down, the bigger the drop become^. 
Righting the bottle makes the oil flow 
the bottle and none is left in the spout. 
With ordinary care the oil does not flow over to the outside of the tip and none 

is wasted. _ i loH • 

Fiu-ther advantages may be named : air bubbles are automatical!}’ exclu , 
cleanliness is favoured ; the long and narrow spout prevents evaporation, so 
that the oil does not thicken ; the spout never gets blocked ; and the o e 
is ready for use at any time, even after standing unused for several dap. 
longer periods of idleness one may push a tiny cork over the tip. ' 

of scratching lenses or rubbing off bits of the microscopic prepara ion 
eliminated, because the oil flows freely and so there is no need to get oo n 
these surfaces. , , 

In short, the rod-and-bottle method can with adv’antage be roping . 
dropping bottle. It is a handmade article, and individual bottles s ow 
variations in the width of the spout. An inside diameter of abou / 

(1-5 mm.) suits me for Gurr’s “ MicroU ” ; for colder climates or thic 'cr 
might choose a bottle with a slight!}' wider spout. 


A 
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576 . 851 - 21 ( Str , hccmohjticus ) : 576 . 8 . 095 . 5 

THE production OF VJRIDANS VARIANTS OF 
f H^aiOLYTIC STREPTOCOCCI 

Alick Isaacs * 

From the Department of Bacteriology, The Univeraity and 
irMiern Infirmary, Olasgow 

Thoro arc many roforences in tho Utowituro to tho rotationship between 
hremolytio and viridans streptococci (tho a tj^io of Brown, 1019). IVixilo thoy 
are often regarded os distinct species, n munber of workers have suggested 
that tho two forms arc interchangeable. Tho clinical significance of this is 
indicated by tho findings of Coburn and Pauli (1041), who reported an opidomio 
of streptococcal infectiona in children caused by virulent tj'po*12 hajmolydic 
streptococci, contagion being spread by cartiora of typo-12 “ non-hccmolytio ” 
streptococci. Tho production of viridans forms from luemolytio streptococci 
has been claimed by some workers and denied by others (see review by Brown). 
Animal passage, growth of tho organisms in immune sera, and the action of 
Optotpiino or Rivanol mixed with yeast have been claimed to produce those 
^•ariants, Thus Todd (1028) studied a hicmolytic streptococcus from a case 
of puerperal sepsis which could always bo rendered non-liromolytic by passage 
through four or five mice. Tho passage culture dilforod from typical strains of 
Streptococcus vtrtdans, however, in showing hicmolysis in anaerobic growth and 
reversion to the hicmolytic form on prolonged suboultivation in artificial media. 

During work on tho viability of streptococci cultured under raised oxygen 
tension, it was observed that a 5ircp!oeoccua pyogenes of human origin gave rise 
to a proportion of variant colonics which showed a viridans appoaranco on 
blood agar and retained that character on repeated subcultivation over a period 
of six montlis ; 15 strains woro investigated in all, and in 0 of thoao tho 
phoTvomonon was observed. The method appears to bo a novel ono and as it 
has yielded a variants in a high proportion of tho strains studied, details of tho 
method and tho characters of tho variants aro described. 


Methods 

Strains were isolated from pus from soptic lesions ond somo were obtained 
from tho National Collection of Typo Cultures : 0 strains belonged to Lancofiold’s 
group A, 2 were group C, 2 group E and ono each belonged to groups G and L. 
All were actively hemolytic on blood agar and produced hromol3^in in serum- 
containing media. Prolonged examination involving many hundred platings 
in tho case of several strains showed only haemolytic colonies. Each strain was 
first plated twice and a strongly hiemolj^ic colony picked. 

Tho medium was horso-heart infusion broth, and originally 10 per cent, of 
oxalated normal horso blood was added, but this was not essential ; 5 c.c, 
amounts were placed in 100 c.c. Erlenmeycr flasks. One of these was inoculated 
with a colony of the strain to he tested and put in an anaerobic tin througli 
which oxygen from a cylinder W’as passed for 20-30 minutes and then incubated 
at 37® C. The flask contents woro plated daily on 7J per cent, horse-blood 
agar, and the flask again exposed to an oxygen atmosphere. The first day’s 
plating yielded only hajmolytic colonies. After a further 2 or 3 days, the colonies 
growing in subcultures woro less strongly hromolytic and tho broth culture 
gradually died out. One of tho loast hajmolytic colonies was used to inoculate 
a second flask of broth and tho procedure ropoated until viridans variants 
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appeared on plating. Most strains gave such variants within 4 or 5 passaces 
but with one strain 25 passages were required. Especially if smooth coloniw 
were selected for passage, variants were readily obtained which continued to 
produce only viridans organisms on further cultivation in broth or glucose-broth 
exposed to air. 


Characters of the variant strains 

Cultural and microscopic characters. Viridans colonies, while generally of 
the same size as the parent hEemolytic colonies, were always smooth or glossr, 
and grew in fluid medium as a uniform suspension of short chains. The transited 
appearance in 6 strains of a diploeoccal phase was striking. The colonics on 
blood agar were glossy, larger than those of the original hsemolytic strain and 
with a very wide zone of greening, fully 6 mm. in diameter ; in fluid medium 
growth formed a uniform suspension. The cocci were large, strongly Gram- 
positive and non-capsulated. On continued subcultivation in air or under 
raised oxygen tension, the chaining form was regained in 3 strains and the 
usual viridans colonies appeared. In two, however, the diploeoccal form 
persisted indefinitely. 

The variants required frequent subcultivation for maintenance as compared 
with the original strain. Growth failed in media such as 1 per cent, peptone 
water, which supported growth of the parent hsemolytic strains. 

Biochemical reactions. The viridans variants often showed weak fermentation 
reactions as compared with the parent strains. Thus 3 laotoso-formenting 
haemolytic strains yielded viridans variants which did not ferment lactose. Ifono 
of the original htemolytio strains and only one variant gave a positive Voges- 
Proskauer reaction (Lominski, Harper and Isaacs, 1946), but most of the variants 
grew poorly in glucose-phosphate peptone water. All the viridans variants 
produced large amotmts of peroxide in broth, even where the corresponding 
hmmolsdiic strains failed to give a positive benzidine test. In addition, the 
variants, and particularly the diploeoccal forms, caused marked bleaching on 
chocolate agar. Like the parent strains, none produced catalase. 

Hcemolysin production. On blood-agar plates incubated aerobically the 
variants showed greening, and imder anaerobic conditions greening with no 
trace of hmmolysis. Neither streptolysin O nor S (Todd, 1938) were produced 
by the variants. 

Serology. Rabbits were immunised by the method of Lancefield (1933) with 
formol-kiUed broth cultures of three hoemolytic strains of groups A, C 
and the corresponding viridans variants. On testing by the micro-precipi m 
method of Lancefield (1938), the resulting antiserum in each case gave a 
precipitate with an antigen prepared from the homologous strain but not rom 
the corresponding variant. An example of these results for a group-A w® 
and its variant is given in the table. 


Tabue 

Cross-precipitation test between original hmmolytic (p) form and 
induced viridans (a) variant of Strep, pyogenes 




Antiserum to 

Strain 

, Antfgcn 

p 

a. 

Group A 

/3 form 


- 


a variant 
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Non© of the variant©, na tested tpith commercial antisera, possessed the 
group-Bpeexfio antigen of either the parent luemolytic strain or of heterologous 
groups. Accordingly, in the course of variation the carbohydrate ontigen 
(" C ” substance of Lancofield) has been lost or modified in some way. 

J?cyeraion to hamolytic form. This occurred in a proportion of the colonics 
of only two of these vindarw variants. With one, many subcultures wore 
carried out over two montlis before tho reversion took place, the group*C 
carbohydrate antigen of the original hmmolytic strain being also regained. In 
tho other, reversion occurred shortly after the variant was isolated. 


T>iatu6sion 

The stability of tho limmolytio property of streptococci imder ordinarj' 
conditions of cidture has been emphasised by many workers, who foimd that it 
persisted over years in artificial media (Brown). Tho question arises whether 
the development of tho viWdarw forma under raised oxygen tension merely 
favours development of variants by a process of selection, as it were, or whether 
there is a gradual loss of hoemolyain production with replacement by tho 
vtridarw characters, IVhilo the methods of tho present work do not nfibrd a 
definite answer, there was clear evidence in sovoral strains of a number of stages 
from hannolytio and rough to viridana and smooth. 

It is of interest that in the variant strains, tho loss of capacity to form 
hajmolyain and group-specifio carbohydrate antigen is associated wHh gain in 
the active production of xieroxides. It appears that oxidation is directly 
responsible for the changed characters of tho organisms. Experimental evidence 
of this will be reported shortly. 

Summary 

1. A method has been described for inducing vtrtdatw variants of hccmolytic 
streptococci tn vitro. It involves growth under raised oxj’gen tension and was 
successful in nine out of fifteen strains tested. 

2. Tho cultural and antigonio characters of tho variants are described and 
their relationship to the porent hajraolytic forms discussed. 

I should like to acknowledge with thanks a grant towards the expenses of 
this work from tho Eankia Itesearch Fund, Glasgow University, 
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insrSUCCESSFDL ATTEMPTS TO PBODUCE PERIAETERITIS 
NODOSA EXPERDIENTALLY 

J. M. Axston 

Group Laboratory, Archtoay Hospital, London 
and ^ 

K. K. Cheng * and R. H. D. Short f 

Department of Morbid Anatomy, University College Hospital 
Medical School, London 

Dining the last five years clinical and histological evidence has been given 
that periarteritis (polyarteritis) nodosa may be caused by sensitisation to drugs 
or foreign serum. Rich (1942 a and b, 1946) has reported nine patients who, 
after treatment with foreign serum or a sulphonamide drug or both, or with 
iodine, showed signs of sensitisation shortly before death and periarteritis 
nodosa at autopsy. Others have recorded similar findings after treatment with 
sulphonamides or arsenic (Blaok-Schaffer, 1945; Miller and Nelson, 1945; 
PerUman, 1946), and Bergstrand (1946) has described periarteritis nodosa as 
one of the lesions found in four patients who, before death, had shown a variety 
of allergic S 3 rmptoms such as asthma, transient lung infiltration, blood eosino- 
philia, nasal polj^i and abdominal pain with diarrhoea. 

In addition. Rich and Gregory (1943 a and b) have reported that they 
produced periarteritis nodosa and lesions resembling rheiunatic carditis in 
rabbits by intravenous injections of horse serum. Their method was based on 
that of Fleisher and Jones (1931), who studied the clinical manifestations of serum 
sickness in rabbits. In a letter written in June 1946, Professor Rich gave us 
the following summary of the results which he and Dr J. E. Gregory have 
obtained : — “ Looking over the organs of 45 rabbits treated with horse serum, 
20 show necrotising inflammatory arterial lesions, 6 inflammatory only and 19 
no lesions at all. However, I remember a series of 10 rabbits of which only 
one showed necrotising lesions. I may repeat that we have never observed the 
necrotising lesions in control rabbits maintained in the laboratory in the same 
conditions at the same time ”, Professor Rich wrote further: — “It is our belief 
that the irregularity with which periarteritis nodosa develops in rabbits during 
seriuu siclmess is due to individual differences in the rabbits rather than to 
differences in the serum, for some of a series injected in the same maimer m 
the same serum develop the lesions and some do not, and this regardless of e 
development of hj^persensitivity ”. , 

In order to emphasise that these very interesting arterial lesions canno je 
be produced at will, this report is made of unsuccessful attempts to pro uce 
periarteritis nodosa in foiu groups of rabbits. 

In one experiment, the method outlined by Rich and Gregory 
used. Sterile filtered horse serum without preservative, kindly supp m 
Dr L, F. Hewitt, was administered to 22 rabbits. Of these, 16 in j 

were adult males of mixed colours and breeds ; a fourth group consi^ 0 

adult male albinos. The programme of injections of each rabbit was as fo 0 

“ X ” day. 10 c.c. of horse serum per kg. body weight intraveno^ly-^ 

“X”day+ll. 0-1 c.c. horse serum intracutaneously as test 01 

sensitivity. 


* British Council Scholar. , 
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“X" day+n. 

" X ” day+10. 

“ X " day +20. 

“ X " day+33. 

“ X ” day+28 35. 


1 *0 c c liorso sorum intra\ enously. 

10 c c. horso sonim per kg. jntrftvonoualy, 

0 1 0 c. horso serum mtrocutnnoously. 

2 c c. horse sorum intrfl\ enously (in some animals only). 
Killed by air embolism. 


Of the 22 rabbits, 14 showed greater local reactions to the intracutnnoous 
injections of serum after the first mtravenous injection than they did before 
it , 8 did not show this evidence of increased sensitivity ; 2 animals showed 
severe distress soon after the second or later mtravenous injections and several 
showed mild distress, but none died from this cause. 

A careful naked eye examination was made of each animal immediately after 
death: periarteritis nodosa was not foimd m any. From 16 rabbits of this 
experiment (mcluding at least 2 in each of the four groups), tho myocardium, 
kidneys, liver, spleen and lungs wore examined microscopically by Drs A B. 
Bratton, S H. G. Robinson and C. C. Brj’son, who reported that no lesion 
recognisable as periarteritis nodosa was found in any section. In a few instances 
“ chronic mflammatory infiltration ** and “ one focus of infiltration m relation 
to an arteriole but not affecting its wall *’ were found m tho myocardium, but 
these trivial lesions were almost matched by similar ones in threo of sue rabbits 
which had not been injected with serum at any time Such lesions have been 
described by Miller (1924) as spontaneous interstitial myocarditis of rabbits. 

In a second experiment, 10 malo rabbits woighmg from 1 0 to 2'1 kg. of mixed 
breeds were used. Seven were mixed colours and three olbinos Wellcomo 
brand “ Horso Serum ” no. 2 (Burroughs Wellcome) was given ns follows 


“ X » day 

“X”+12 days 
“X”-f27 „ 
“X”+19 M 

“X'’4-21 „ 


‘‘X”4*26 „ 
*‘X”+28 „ 

“X’’+33 „ 
“X”+35 „ 


Intrav'enous mjoction of 10 c c. per kg. body weight of Iiorso 
scrum to all tho rabbits 

Intradorraal injection of 0 1 c c. horse serum for skin tost. 

Zntmv encics injection of 2 c c. ofhoreo scrum given very slow iy. 

Seven rabbits given 20 c.c. per kg. body weight of horso 
serum intravenously. 

Intcadermal injection to remaining 3 rabbits of 0 1 c c. serum, 
for skin tost. These rabbits wore killed 3 days later with 
chloroform 

Intradermol mjoction of 0 2 c c. sorum for skin test 

Four rabbits killed. The remaining tlireo rabbits received 
10 0 c. per kg. body weight of serum intravenously. 

Intradermal injection of 0 2 c.c serum for skm test 

All animals killed by chloroform. 


During the course of the injections, rectal temperatures were taken daily 
and careful observations were made for signs of cutaneous flushing, espoomllv 
in the ears Tho tissues were fixed in forraol alcohol and sections w ore stamed 
with Ehrlich’s acid hieinatoxjlin and eosm and v'nn Gieson’s stain. 

In this second experiment, a transient rise of 103'104 2® C. was observed 
between the 6th and 8th day after tho first mjection in all rabbits No definite 
sign of cutaneous flushing was seen. The reaction to tho first skm test was only 
a faint erythema 6-10 mm. m diometer. The later tests showed more active 
response, with necrosis and hemorrhage m tho erythematous swellmgs of 25- 
35 mm diameter. 

In the second experiment, the followmg organs were exammed micro 
scopically, namely m all 10 rabbits, heart, lungs, liver, kidneys, spleen 
pancreas, stomach, mtestme, colon, testis, adrenal, bram, muscle of abdommal 
wall and extensor muscles of thigh, aorta, carotid and femoral arteries axiUarv 
and mesenteric lymph glands and subcutaneous tissue of abdominal wall 
Only a few mild lesions were found, namely slight evidence of the spontaneous 
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logical study of these tumours -will usually reveal the presence of neoplastic 
roimd cells and epithelial cell groups. Tumours of the kidney composed wholly 
of striated muscle, however, have not been described hitherto. 

Histogenesis. The histogenesis of these tumours is satisfactorily explained 
only on embryological grounds. The histogenesis of the Wilms tumour depends 
chiefly on the period of embryonic life at which the tumour anlage develops. 
The renal rhabdomyoma may be interpreted as arising from the mesoderm 
before it has differentiated into nephrotome and lateral plates. The cells of this 
primitive germinal tissue are multipotent, and constitute the common precursor 
of both myotome and nephrotome. In the present instance the cells which 
separated to form the future tumour anlage have differentiated in one direction 
only — as muscle cells, many of which are striated. 

Naked-eye appearance. The renal rhabdomyoma here recorded presents 
several characteristic features. It is of a large size and sharply demarcated 
from the renal tissue, which it displaces and distorts. It is solid and opaque, 
and the cut surface shows whorled markings which resemble those seen in 
uterine myomata. 

Microscopic examination. No kidney tumour can be regarded as adequately 
investigated unless microscopic sections are taken from many different parts, 
since different portions of the same tumour may present different histological 
featxires. Especially is this so in the Wilms tumour, where, although the 
appearance may be that of an embryonal sarcoma, careful search will usually 
reveal epithelial elements. For this reason an extensive histological examination 
of the present specimen was carried out, and it has been shown that the tumour 
consists of one type of tissue only ; no epithelial or other complexes have been 
found. It is composed of interlacing bimdles of well-formed fibres, moipho- 
logically and tinctorially resembling muscle. Many of these cells are well 
differentiated and show both longitudinal and cross striation. The cells 
resembling smooth-muscle elements are voluntary muscle fibres devoid of 
cross striation, and all gradations between these two forms and more primitive 
cells are encountered. 

Many of these cells resemble the early stages of ontogenic development of 
striated muscle (Jordan and Kindred, 1937 ; Maximow and Bloom, 1938). 
Cappell and Montgomery (1937) believe that the malignancy of rhabdomyomata 
depends on these primitive elements, which are liable to metastasise and m 
their new positions may continue to grow and to differentiate to some extent. 

Mode of growth. The course of these growths is rapidly prop’essive. o 
large size of the present tumour is a conspicuous feature, and this volume was 
attained in a relatively short time. The renal tissue is undergoing atrop le 
changes, being compressed and stretched peripherally by the tumour, 
which it is separated by a narrow zone of connective tissue. There is 
evidence of invasion of vessels. The presence of regressive changes is “VP® 
the result of activity of the growth, in part, no doubt, the effect of deep r 
therapy. r 

Death was presumably due to renal failure from pressure destruo ion o 
kidneys and not to true malignancy. 

I wish to aclmowledge my indebtedness to Professor Keith Inglis for 
advice. I am also grateful to Mr Woodward Smith for havmg prepa 
photomicrographs. 


Summary 

1. A case of bilateral renal rhabdomyoma in an infant is 
lO previous record of a pure rhabdomyoma of the kidney m e * gjjo^ only 

2. Many sections taken from various parts of one of the 

one type of tissue. The presence of cells showing both longi u m 


IS no 
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Fro 1 — Cut surface of one of t!jo tumoiirb showing whorled structure Natural size 
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striation and tho ohscnco of other dements indicate that the tumour is one of 

Btri^ed morpliologj- and staining reactions, it is 

elongated, strongly acidophil cells which constitute o largo part of tho tumour 

”™™Th6 histogenesis of this tumour is eocplaincd on emhrj-ological grounds. 
All stages in the development of the muscle cells nro found. 
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A LIQUID MEDIUJI BUFFERED AT pH 8’0 FOR THE DIFFERENTIA- 
TION OF STREPTOGOCCOS F/ECALIS FROM STREPTOCOCCUS 
LACTIS 

P. M. F. Seattook and A. Hmsen 

National Inoixtuio for Rueard^ in Dairying, 

XJnivCTaity of Reading 

Strtplococcus lactia and Streptococcus faxali^ oro now established ns distinct 
species, but there still appears to bo difficulty in distinguishing between them. 
Serologically Sir. facaVxs falls into group 3> iSherman, 1D38 ; Graham and 
Bartley, 1939), Sir. laclia into group N (Shottock and Mattick, 1043*44), and they 
may bo leadily distii^uished by culture in appropriate hiedia. For this p^irpose 
Sherman and Stark (1934) suggested four ** tolerance tesla ” : growth at 45® C., 
survival for 30 minutes at 05° C, in sterile skim milk, growth in lactoso nutrient 
agar at pH 9*0, and growth in lactose nutrient agar containing G'6 per cent. 
NaC!!i. These testa did not receive tho attontion they deserved, possibly because 
they wore inadequately defined in the original poper. In some quarters they 
have fallen into disrepute, no doubt because of o lack of uniformity in technique 
and because some workers have attributed to all roerabera of group D 
characteristics applicable only to Sir, foecalis and its \’ariant8, thereby con- 
cluding erroneously that these tests have little value as differential criteria. 

Shattock and Mattick foiznd that without exception Sir. fcccalis would grow 
at 45° C. and at pH 9*6 (using a liquid medium), while Str, laclis failed to do so. 
On the other band they found while Str. lactia failed to survive for 30 minutes 
at 65 C. in slam milk, many strains of Str. faxalta also were unable to withstand 
this treatment, though reduction of the temperature to 60° C. and substitution 
of dextrose Lemco broth for skim milk were useful modifications. 

Bicubation at 45° C. in a thermostatically controlled water-bath presents 
little difficulty, but maintenanco of so high a pH as 9*6 in a medium may be 
troublesome, although Sherman and Stark made no reference to the precautions 
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necessary. Reproducible results have been obtained in this laboratory bv 
incubating dextrose Lemco broth cultures in an anaerobic jar containing soda- 
lime (Shattock and Mattick) ; but even with these precautions the fall in pH 
during handling and subsequent incubation was not easy to control. There is 
apparent difficulty in reproducing experimental conditions, particularly in 
different laboratories, and to provide a more satisfactory technique a liquid 
meditun buffered at pH 9-6 has been devised. 

Preparation of medium 

Components. 

I. Dextrose Lemco broth. 

Dextrose 10 g., Lab Lemco 10 g., peptone (Evans) 10 g., NaCl 5 g., 
tap water 1 litre. pH 7-0. Autoclave at 16 lb. for 20 minutes. 

11. Buffer solution (Clark, 1928). Glycocoll 7-606 g., NaCl 6-85 g., freshly 
boiled glass-distilled water 1 litre. This solution also may be auto- 
claved and stored in a well-stoppered flask. Mix 6 parts with 4 parts 
of NjlQ NaOH by volume. 

To 900 ml. of dextrose Lemco broth add 100 ml. of the buffer solution and 
adjust to pS 9'8 with N NaOH. Store overnight in a stoppered dask ia the 
cold to complete precipitation. Filter through a Seitz filter and immediately 
distribute with sterile precautions into J-oz. McCartney bottles, leaving the 
minimum of air space at the top. This mediiun should be used within 48 hours. 
It is essential that the pH of rminoculated control bottles should be checked 
electrometricaUy (glass electrode) immediately before and after incubation, 
The initial pH should be 9-60d;0'02 and should not drop during incubation by 
more than 0-04 imits. Care must be taken to ensure that the temperature of 
the medium is approximately 18° C. when checking the pH on the glass electrode. 

Technique of test 

The medium is inoculated with 2 loopfuls (4 mm. diam.) of an 18-hour 
dextrose Lemco broth culture, incubated at 30°C.±1'0°C. for 24 hours and 
inspected for growth. Control bottles of dextrose Lemco broth -1-bufFer (I and 
II above) adjusted with N HCl to pH 7*0 should be inoculated with each strain 
examined. Khowm positive and negative controls are included in each test. 

To test the efficacy of this medium for the differentiation of Sir. fcccalu 
from Sir. lactis, 34 strains of Str.foecalis and variants and 18 strains oISIt. lodu 
were examined. A further 30 cultures, all shown by serological methods o 
belong to group D but comprising strains other than Sir. fmcalis, were inolu e 

The group-D cultures used in this investigation had been isolated from a 
variety of sources : human and bovine freces, dried milk, pasteurised m 'i 
sheep’s-miUc cheese, tuine, and cases of endocarditis ; 5 cultures from a 
National CoUection of Type Cultures were also included. , 

The cultures of Sir. lactis had been isolated from milk or from starters 
for cheese-making. Str. crenioris, which also belongs to group N, was n 
included because its differentiation from Sir.fmcalis or other group-D strep oco 
presents no difficulties. ... 

All cultures were grouped serologically and were further subdivi e 
biochemical and cultural tests ; where possible they were identified as aocop^^ ^ 
species and variants within groups D and N (Shattock and Mattie , 
Shattock, 1944, 1945). The table shows the species and variants grow g 
pH 9-6. 

Results ^ 

Str. fmcalis, Str. fmcalis var. liquefaciens and Str. fmcahs var. ^ 

their variants (a total of 34 strains) all grew vigorously at pH 9-6, w m 
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18 straiaa of Sir. ladia nnd variants consistontly failed to grow, thus confirming 
Sherman and Stark’s claim that growth otTiH 9-6 may bo used ns n differential 
ciitcrioi' for SltrftxxaUs, 

TABtE 


Growth of group-D and groiip'N streptococci tn a dijS'crcntial medium 
buffered at pH 0*6 



Str, durans gave less consistent results because only 0 of 11 strains grow 
under the conditions of those experiments. The failure of somo strains of 
Str, durans to grow at pH 9*6 is recognised (Smith and Sherman, 1938 ; 
Shattock, 1946)* 

The 0 strains of Sir. hovis all failed to grow and this is again in necordanco 
with the findings of Sherman (1937) and Shattock and Mnttick (1043*44). 

The remaining 10 group*D strains listed ns “ nnclnssifiod ” failed to grow. 
These cultures were shown serologically to belong to group D but they tliffered 
from Sir. fcecalis in being less resistant to heat. Eight of tho 10 had Uulo or 
no reducing power and 5 did not grow rondily at 45® C, IVliiio they approximated 
most closely to Str. boow, they failed to ferment raffinose, whioli is regarded as 
an important characteristic of that species. 


Nummary 

1. A liquid medium buffered at pH 9*6 has been devised primarily for tho 
differentiation of Sir.fceealis from Sir. lactic. 

2. Tho ability of various species within group X> to grow in this medium 
has been determined. 

Our thanks are due to Mr L, G, Newlond for technical assistance. 
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• 155 • I 076 . 5 : 612 . 415 (Cuniculus) 
RETICULOCYTOSIS IN SPLENECTOMISED EAPBITS 


Penelope K. Hammick * and G. M. Watson 

From the, Nuffield Department of Clinical Medicine, 

The Radcliffe Infirmary, Oxford 

There is need for a method of aissay of the anti-anEemic factor of liver 
extracts other than by testing their effect in known cases of pernicious anamia. 
The use of splenectomised rabbits for this pirrpose has been suggested by 
Jacobson and Williams (1946 a and b), who found that such animals show a 
reticulocytosis on the fourth or fifth day after injection with potent liver extracts. 
These findings have received some confirmation recently from Bavin and 
Middleton (1946). Further experiments with splenectomised rabbits have been 
carried out here, and some incidental observations made on the counting of 
reticulocytes. 

Experimental procedure 

The rabbits were does weighing from 2-6 to 3*5 kg. They were splenectomised 
under Nembutal anaesthesia and the post -operative reticulocytosis allowed to 
settle. Each extract was given to groups of 2-6 animals. Some of the extracts 
were also tested on patients with pernicious ancemia. All the substances tested 
were injected intravenously, daily reticulocyte counts being made for the six 
days before and after the injection. 


Results 

Consideration of the coimts over the 12-day periods showed considerable 
variation from day to day and in different animals. In order to determine what 
part of the variation could be ascribed to the injection, the counts were re-tabled 
to show the differences between the first and fourth, second and fifth, and third 
and sixth days of the period before injection, and the three corresponding 
differences after the injection. A positive result would then be shown by an 
increase in the differences after injection. To test this, an analysis of variance 
was set up for each group of tests, the variance being separated inte compoiien s 
derived from rabbit differences, day differences, the injection and interactions. 
The significance of the injection component was tested by comparing the mean 
square derived from it wdth that from the residual, using the tables of variance 
ratios given by Mather (1943). This method would not detect an increMe 0 
reticulocytes in the first three days after injection, but comparison 0 ® 

figures for these days with those preceding injection did not show any sue i 
increase. . , j 

Table I gives these steps for the figures obtained from five anima s 
with “Cambridge” extract. The results from all the 
summarised in table II. Consideration of the counts on the basis of a mo 
distribution, as discussed by Jacobson and Williams (1945a), in wnc 
above 3-5 per cent, is held to bo significant, leads to the same cone usi 

with our method of analysis. effective 

Several types of preparation were used, and where the figure tor ® 
dose in man is given in table II it is the amount observed to pro uoe a 
response over a period of 14 days in a patient with pernicious 
303 was a special fraction supplied by Glaxo Laboratories b ‘ 
to be active in a dose of 27 mg. It was a dry powder free from p 

♦ With a grant from the Lady Tata Memorial Trust. 
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E-rtract 830, also on oxpenmcntnl butch, was supplied by British Drug Houses 
Ltd This extract had been tested clinically, and though notice the response 
to doses of 100 lUg was aubmaxiroal Extracts B329, B342 end B345 were 
different hatches of Anahaimin supplied for clinical testing by British Drug 
Houses Ltd These were all tested clmicall} and found to give maximal 

Table I 


* Daily reticulocyto counts of fi rabbits for 12 dA>H, injectod witb “ Combndgo’* bvor 
1 extract after tbo count on, Iho sixth day The figurofl are tho roticulocj ©s noted 
( m counts of 2000 cclfe 


Bay 

1 

a 

3 

4 

5 

6 


6 

0 

10 

“ 

’L 

Babb{£ 2 

33 

20 

40 

31 

33 

41 

25 

32 

31 

70 

04 

4S 

ti 

58 

74 

54 

62 

64 

4G 

02 

48 

02 

70 

■mi 

94 

„ 3 

68 

6Q 

.HI 

KS 

46 

42 

40 

38 

52 

62 

70 

ECia 

» 4 

2a 

10 

32 

34 

33 

32 

54 

00 

54 

104 

84 

102 


28 

40 

48 

48 

40 



38 

3S 

42 


60 

88 

04 


Results expressed as differences between tho counts on tbe first and fourth dajs etc * 
I gu ing (hroo such difTorcnces before injection for comparison trith three difforcncea 
j after injection The differences nro seen to bo increased after injection 


Day 

4 1 

52 

«3 

10 7 

11 8 

imi 

Rabbit 1 

w-A 

4 

1 

51 

32 

17 

*. 2 

-C 

-so 

-8 , 

24 

CO 

32 

.. 3 

14 

-10 

-24 

0 

32 

48 

» 4 

0 

U 

0 

% 

la 

48 

.. 5 

20 

-0 

-10 

18 

40 

i 

14 


Analysis of variance derived from tho table of differences 


CTau 

Sum of squarrs 

Degree of freedom 

Mean equate 

Rabbits 

131 

4 

33 

Dajs 

217 

2 


Injection 


1 

8979 

Injection day interaction 


2 

236 

. Injection rabbit mteroction 

830 

4 

200 

Residual 

4.100 

16 

250 

Total 

14.732 

50 



vx «,» 8070 

This indicates a significant increase after injection, as anch a t aluo would ho obtained 
by chance less than onco m a thousand times 


rospoTOcs o\er 14 days m tho doses shown m the table “ Cambridge " extract 
was “ Hepaatab Forte ” , its cimioal activity was not exammod “ Examen ” 
n'w commercial extract Foho acid was dissolved for injection m 

buHered phosphate solution at pH 8 0, pterin in isotonic sodium bicarbonato. 
the preparations oxammed only one (“ Cambridge ”) gave a significant 
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response ; with it, peaks of 3-8 per cent, to 5 per cent, were obtained from four 
to six days after injection. 


Tabus II 

The preparations examined, with the doses given and the 
reticulocyte response obtained 


Extract 

Etfectlve dose 
Inman 

Test dose in 
rabbit 

No. of animals 

Ecsnlt 

Intact animals 

303 

27 mg. 

27 mg. 

6 

Negative 

Splenectomised animals 


27 mg. 

27 mg. 

6 

Negative 


• •• 


6 



130 mg. 


3 



130 „ 

195 „ 

2 



80 „ 

160 „ 

2 


Cambridge 


140 „ 

5 

Significant retioulocytosis 

Examen 

... 

1 ml. 

3 

Negative 

Pterin 

. « • 

10 mg. 

2 


Folio acid 

... 

26 „ 

4 

tt 


Reticulocyte counting. A wet method was used, blood being mixed with 
stain, spread \mder a coverslip, sealed with paraffin and allowed to settle. Two 
films were made for each count and 1000 red cells counted from each in groups 
of 200, from the centre and from each comer. Marcussen (1938-39) showed that 
wet preparations give a fortuitous distribution of reticulocytes among the other 
red cells. In order to check this distribution and to trace the efiect of making 
counts from the centre or comers of the film, a further analysis of variance was 
set up based on 96 pairs of counts. This indicated that counts made from the 
centre are significantly lower than those from the comers. The difference is 
not great, the means being 1-67 and 2-00 per cent, respectively. More consistent 
results would not have been obtained by taking all counts from the centres. 
There was no significant variation in the pairs of counts made on each occasion, 
nor in the counts from different comers. These results suggest that while t e 
distribution of reticulocytes in a wet preparation is not completely fortuitous, 
accurate results will be had if the method of coimting is consistent. 


Discussion 

While it seems to be established that, given the right conditions, 
extracts will produce a retioulocytosis in the splenectomised rabbit, it « evi 
that when administered in comparable doses, not all potent errtracts have 
power. Extracts 329 and 342, for example, when tested clinically^ m o 
of 130 mg., gave reticulocyte responses of 23 and 20 per cent. 
they gave no response in the rabbit in doses of 130 and 196 mg. .ynjgjgs 
several possible explanations for these discrepancies. Jacobson, and i 
(1946a) point out that the presence of antiseptic in the extract as pg 

clinical use may inhibit the response ; one of their preparations 
response with a large dose containing tricresol, whereas a smaller 
or no tricresol was active. Of our preparations extract 303 and o ^ 
free from antiseptic but gave no response in the rabbit tes . 
















ALLEBOY TO SUEPBONAMWES 


eoi 


Middleton mention that some imimnls did not respond to oxtraote wlneli vrero 
active in otters. These ere questions of technique, tmd apart from them it i3 
becoming evident that there are a number of suhstonces which have ft cumtivo 
effect in pernicious amcmia and which ate not identical ; folio acid for example 
is not present in eome active extracts. Liver extracts produced by different 
methods probably differ in their activo principles, and it may well ho that some 
of these will not produce a reaponso in the splencctomiscd rabbit. In its present 
form, therefore, this test does not seem to bo of pmctieal value in the nssoy 
of liver extracts. 


Sumtnart/ 

Normal and gplenectomisod robbi'U have been injected vrith Uvof extracts 
and other Bubstances and the reticulocyte tesponso noted. 

One liver extract vras found to produce n fiigniCcant roticulocytosis but other 
potent extracts and folic acid -were -witliout effect. 

The distribution of reticulocytes in vet preparations is not fortuitous, but 
accurate results Trill be obtained if the method of counting is consistent. 


We Trish to thank IMr V. G. Cijampcmorme for help Trith the statistical 
matter in this paper* and Professor L. J. Witts for advice in its preparation. 
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THE ALLERGtC REACTION OF THE KIDNEY TO 
SULPHONAMIDE 3IEDICATION 

Kari, Bakeen 

J^rom Tfie Jnsiitufe of PofAoIopy, Unh'erst/y of Oslo 

JoUowing tho imversal rao of the sulphonamide compounds there soon 
ccmpheations. Some of the earliest and most serious 
onta are the blood dyscrasios, cspcciaUy agranulocytosis and tho hfemolytio 
an^^. Renal damoga is onother complication which was early repo^ 
md hM beeomo an mcreasmgly common result of suiplionamide treatment 
The clinical symptoms of renal impairment in all these tvnes have been mn ' 

Lif r is;; -aasTTs SiS"'?" 

»•” 
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response ; with it, peaks of 3-8 per cent, to 5 per cent, ware obtained from four 
to six days after injection. 

Table II 

The preparations examined, vnth the doses given and (he 
reticuloeyte response obtained 


Extract 

Effective dose 
in man 

Test dose ia 
rabbit 

Ko. of anitoals 

Sesult j 

Intact animals 

303 

27 mg. 

27 mg. 

6 

Negative 

Spleneotomised animals | 


27 mg. 

27 mg. 

6 

Negative 


... 

100 „ 

6 



130 mg. 

130 „ 

3 



130 „ 

195 „ 

2 



80 

160 „ 

2 


Cambridge 


140 „ 

6 

Significant reticulocytosh 

Examen 


1 ml. 

3 

Negative 

Pterin 

• »« 

10 mg. 

2 


Folio acid 

... 

25 

4 



Reticuhcyte counting. A wet method was used, blood being mixed mth 
stain, spread under a coverslip, sealed with paraf&n and allowed to settle. Tw 
films were made for each count and 1000 red cells counted from each in grotijs 
of 200, from the centre and from each comer. Marcussen (1938.39) showed that 
wet preparations give a fortuitous distribution of reticulocytes among the ote 
red cells. In order to check this distribution and to trace the effect of making 
counts from the centre or comets of the film, a further analysis of variance was 
set up based on 96 pairs of counts. This indicated that counts made from the 
centre are significantly lower than those from the comers. The difference u 
not great, the means being 1'67 and 2.00 per cent, respectively. More consistent 
results would not have been obtained by taking all counts from the centres. 
There was no significant variation in the pairs of counts made on each oc^mn, 
nor in the counts from different comers. These results suggest that wWle e 
distribution of reticulocytes in a wet preparation is not completely fortuitous, 
accurate results will be had if the method of counting is consistent. 


Discussion 

While it seems to be established that, given the right conditions, 
extracts will produce a reticulocytosis in the spleneotomised rabbit, it m evi 
that when administered in comparable doses, not all potent emmets ^ 
power. Extracts 329 and 342, for example, when tested dimcally m 
of 130 mg,, gave reticulocyte responses of 23 and 20 per cent, respec 
they gave no response in the rabbit in doses of 130 and 196 mg. 
several possible explanations for these discrepancies. Jacobson an 
{1946o) point out that the presence of antiseptic in the extrac as 
clinical use may inhibit the response ; one of their prepwa wns 
respome with a large dose containing tricresol, whereas a sma er 
or no tricresol was active. Of our preparations extract ° Bavin sn<l 

free from antiseptic but gave no response in the rabbit -e 
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boundary was poorly doOnod. and both cortex and inoduUa showed small 
hicmorrhagic areas and greyish stripes liko strealca of pus. In tlio calyces and 

■□elves were neither crystals nor concretions. 

Micfojcopiccaaminolion. The glomeruli did not show any marked altcraUon 

except hypertrophy and swelling of the parietal colls of Bowman s caps^o m 
a few glomeruli. The tubular epithelium showed moderate cloudmg of tho 
cytoplasm, bub there was no obvious degeneration or necrosis. No sulphonamide 
‘crystals could be found in tho collecting tubules. TIio blood vessels wore 
greatly distended with blood and a number of them wore surroundod by amall 
areas of htemorrhago. Tho small muscular arteries showed distinct^ focal 
fibrinoid degeneration of tho entire wall, in somo cases loading to necrosis and 
subsequent rupture. The interstitial tissue was cedornatous and contained a 
largo number of plasma cells, some lymphocytes and a number of eosinophil 
cells, but very few polymorplis, Tho cellular mfiltration was mainly localised 
around tho blood vessels, but was also found diffusely between tho paren- 
chjnmatous elements. Around tho rupturo<l vessels tho cellular infiltration was 
80 abundant ns to resemble small abscesses. In Gram-stained preparations no 
bacteria were found. 


Discussion 

It is obvious from the description that the renal lesion presents a very 
exceptional and striking picture. Tho kidneys show acuto dogonoration of 
the walla of tho smaller arteries and an inflammatory reaction dominated by 
the presence of plasma colls and eosinophils. Tho features aro similar to those 
found in acuto allergic reactions. 

Tho important question is, lias tho kidney lesion described boon caused by 
the primary disease of the patient, namely a eubacuto hidradonitis, or has it 
been caused by the treatment ? With our present knowledge, it is difficult to 
explain the renal lesion os tho result of an ordinary’ hidradenitis. Tho bacteria 
usually involved in such lesions may bo active for prolonged periods, causing 
many relapses without tho occurrence of renal changes of tho kind described. 
Tho most probable renal complication in such a caso would bo an embolic focal 
nephritis, or possibly a chronic difCuae nephritis. 

The Bulphonamides, on the other hand, are known to causo allergic reactions, 
and in the present instance a reasonable time had lapsed between tho first and 
second periods of medication to allow of allergic manifestations making their 
appearance. Tho initial morbilliform rasli and tho oedema of tho face aro both 
well known types of allergic reaction and are rather common in connection 
with the sulphonamide drugs. It is thopoforo not unreasonable to suggest 
that the renal lesion represents a now and fatal sequence in an allergic reaction 
to tho sulphonaraides. 

Another question ia the correlation between the anatomical findings and tho 
symptoms oliguria, anuria, hyperazotsemia and urasmia. Most authors stress 
the importance of mdema and tho resulting increased pressure as a cause of 
the impaired functional activity of tho kidney. Peters (1046.40) claims to have 
proved this experimentally with an artificial nopliron. 

& tho present cose there was no meclianicnl obstruction from siUphonnmide 
c^tala and the mdemn was not eovero enough to cause obstruction to tho 
blood floxr through the smaller vessels of the iddney. On the contrary, the 
ZT aT-T dr^tojded. giving tho pioturo of on intonso hyporxmin. 

hv^r!I, does not necessarily indicate a good blood flow. Tho 

t^tbl t dosoribod, combined with multiple capiUnry hiomorrhages, points 
to theetnstence m this case of tho circulatory conditions of pro-ataais Ld Lsis, 


characterised by distended vessels and 


flinnr 1 fl * j ^ >^arkod increase of their permeability, 

with absence vessole by blood ceils. 


with absence of plasma. The 

J. TATU. I1ACT..-V0I, tlX 


presence of such a circulatory disorder — a common 

2 K 
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feature of the allergic reaction— may explain the complete failure of urinary 
excretion. ^ 

In a discussion of the genesis of the renal failure and subsequent uraznia 
in these cases, a few words may be said about treatment. If the impaired renal 
function is the result of increased mtrarenal pressure caused by renal cedema 
then the correct treatment should be early decapsulation, before irreparable 
damage to renal tissue has developed. Peters especially has stressed this 
point and maintains that decapsulation is the only life-saving treatment. He 
advises that it should be performed as early as possible as an emergency 
operation, both in these cases and in others with a similar genesis, e.y. transfusion 
nephropathies and the crush injury kidney. 

In all five different types of sulphonamide nephropathy, however, the 
clinical symptoms are similar, and possibly the clinical differentiation between 
the various anatoim'eal types cannot yet be made except in cases of uroHhiasis 
medicamentosa, provided the crystals are demonstrable in the urine. 

A definite mode of treatment cannot therefore be proposed in cases like the 
one described, in which most probably the primary cause of the renal failnie 
was the lesion of the vessels with subsequent stasis. 

Patients given repeated treatment with sxdphonamides, even in small doses, 
should be kept under close observation for early clinical symptoms of hyper- 
sensitivity, and particularly for simultaneous signs of renal impairment and 
dimim'shed urinary output, in which case the administration of the drag 
should be immediately stopped. 


Summary 

Various types of renal lesion due to sulphonamide medication are mentioned. 
In the case reported, though the dose of the sulphonamide (sulpbathiazole) was 
small, renal insufficiency developed with a fatal outcome. The history and the 
morphological lesion in the kidney indicate an allergic reaction to sulpbathiazole. 
The importance of the vascular lesion and of stasis in the development of the 
renal failure in these cases is stressed. definite mode of treatment can be 
proposed. 
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Addendum 

Since this paper was written two other cases have come to auto^y 
were very similar to the one here described. Another case . .jg 

glomerulitis has also been encountered. In these three cases sulp a 
appeared to be the most likely causative agent. 
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576 . S51 .49 {Salm. sirtf/apore) 

A NEW SAEMONELEA SPECIES, SALM. STNOAPOEE 
(VI. yn ; k-t—vo, n, x) 

N. K. Sek 

Erom (fie department of Bacteriotog^t OoUego of MedieinCt Singapore 

In fln investigation of galrooncllosis in South-East Asm I oncounterod 0 
now strain of Salmonella which was Similnr to Salm. thwnpson m many respects 
except in the non-specific phase (H-pliaso). In this phase the antigens wor© 
entirely diiTerent, being 0 , n, x instead of 1*5... of 5oln». thompsm* For thlg 
organism the name of iSolmoneho Singapore 10 g\iggcsted becaiao it was isolated 
in Singapore, Tho description and other detnila aro prosontod below. 


Hietory of the bacterinm 

Tho organism was isolated from tho stool of Otani, ft (Tapaneao private in 
Singapore. On 6.12.43 ho suddenly dovolopod a tomperatiiro of lOl'S* F., with 
diarrhcca. He had pain in the abdomen and passed four loose motions On 
that day. Next day tho tomperaturo persisted and on tho third day the fever 
subsided and tho patient recovered. 


General ond 6toc7icmtcfll characUra 

Tho colony on nutrient agar waa 2-3 mm. in diameter, greyish white, semi- 
transparent and medium convex, with entire edge and smooth shining surface. 
In nutrient broth growth occurred with xmiform txirbidity. Tlio orgonism wag 
a Gram-negative motile bacillus 2-4 p in length, wth poritriclmto flagella j it 
waa non-sporing ond non-capsulatod. It fermented glucose, mannitol, dulcltoE 
sorbitol, inositol, maltose, arabinoso, rhamnose, xylose, trehalose and dextrin, 
with production of acid and gas. Lactose, saccharose, salicin and adonitol 
were not fermented. A positive reaction was obtained with Bitter’s solution 
and Simmons's medium containing arabinose, glucose, rhamnose and dulcitoi 
respectively. Stem broth was positive in two days. Litmus whoy bocamo acid, 
later alkaline. Hydrogen sulphide was produced but no xndol. Gelatin wag 
not liquefied. The methyl-red test was positive while the Vogea-Proskaucr 
reaction and citrato-utUisation test were negative. 


iS'erofogricaf cfiarac(cre 

On serological examination it waa found tliat this organism was agglutinated 
only by O sera of Salm, /fiomps<»i and its variant berUn (VT. VH), Salm, newport 
var. jnierto rko (VI. Vm) ond Salm, enrrau (VI. XIV. XXIV) ond by the 
mono-Bpecific serum from Salm. thompson var. berlin containing n^lutinin to 
factor vn. Those results suggested that the organism had the somatic complex 
VI- Vn. Absorption of Salm. tkompsotx (VT. VII) serum by tho organism 
completely removed all agglutinma to Salm. thompaon. Similarly, Salm, 
thompaon removed all somatic agglutinins from a serum propored against tho 
new strain, thereby proving that tho somatic complex was VI. Vtl. 

In testing the flagellar antigens It was found that some colonioa of this new 
orgai^ were agglutinated to titro by Salm. thampson H (k) serum, other 
colonies which were agglutinated only sli^itly by this serum were agglulinatod 
to titr© by Salm. ahortuS'eqni H serum, suggesting that tliis organism was 
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diphasic, the structure being represented by k-« — >e, n, x. The H (e, n s) 
phase was agglutinated by monophasic sera containing antibodies to factors 
n and x respectively. Absorption of Salm. thompson H (k) serum with the 
unknown organism H (k) completely removed all agglutinins to the homologous 
strain. Also absorption of Salm, abortm-equi serum with the unknown organism 
H (e, n, x) completely removed all agglutinins to the homologous strain. A 
serum prepared against the unknown organism agglutinated Salm. Ihompson 
H (k) and the unknown organism H (k) to the same titre, also this serum 
agglutinated Salm. abortus-equi H and the imlmown strain H (e, n, x) to 
identical titres. Absorption of this serum with Salm. thompson H (k)-\-Salm. 
abortus-equi H removed aU agglutinins to both phases of the homologous strain, 
thereby proving the H complex to be k-« — ^e, n, x. 


Conclusions 

A new species of Salmonella was encountered in South-East Asia. It was 
isolated from a case of enteritis and its antigenic structure appears to be W. 
VH ; k-« — 5-e, n, x. 

Its e, n, X antigens (^-phase antigens) appear to be the same as those of 
Salm. abortus-equi (E. 202), bat diSerent from those of S. Chester. 

The name “ Salmonella Singapore ” is suggested for this organism. 

I have pleasure in thanking Dr Joan Taylor of the Salmonella Reference 
Laboratory, London, N.W. 9, for verifying the antigenic structure of Salmonella 
Singapore. 
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Becent advances In clinical pathology 

Goneral editor^ S. C. Byke. 1047. London: J. & A. Churohai Ltd. 
Pp. xii and 468 ; 192 figs, on 34 plates and 22 text figs. 263. 

”Tho purpose of clinical pathology is to bring the laboratory into 
effective use in clinical medicine **, says Dr Dyke in his preface. To this 
end the climcal pathologist must keep himself obreosfc of advances both 
in laboratory practice and in the general field of medicine. Perhaps no 
other speciality colls for so watchful an eye to be kept on the literature, 
and it is good news that Messrs CliurchiU’s should have added this volume 
to their admirable “ Recent advances '* series. It is better news still tliat 
the book shoifid be one so ably planned and edited, so instruotivoly written, 
and so well documented that its immediate reception is assured and its 
continued currency in perennial revisions almost inev'itablo. 

The book is an outcome of various circumstances of the recent war f 
directly in that it is published under the auspices of the European Association 
of Cliidcal Pathologists, whoso members, on the eve of the liberation of the 
Continent and with the prospect of the return of many of them to thoif 
homelands, wished to make a record of current practice in clLnicol pathology 
in this country ; indirectly in that the huge widening of both hospital 
and public laboratory services under the E.M.S. and the concomitant 
recruitment of many of our own teachers and investigators into this branch 
of pathology provide both the market and the source of material for the book. 

There are four sections of roughly equal bulk, though htematologj’ 
sacrifices something to histology in the matter of pages and bioohoraistry 
to bacteriology in the number of chapters. Tlio four sectional editors are 
R. Cruickshank (bacteriology), E. N. AHott (biochemistry), B. L. Bella 
Vida (hflcmatology) and A. H. T. Robb*Smith (histology). They and the 
general editor are to be congratulated both on their choice of subjects and 
on their selection of authors. Well over half the 40 contributors arc 
members of our own Pathological Society ; eleven are graduates of 
continental schools. The subjects of which they treat are all either of 
topical interest, e.g. anaerobic infections, photoelectric colorimeters, Rh 
factor and peripheral nerve biopsy, or recurring problems such as enteric 
infections, liver function tests, semen analysis and lymph-node biopsy, 
to which a new or more analytical approach can now be made in the light 
of recent knowledge or modem technique. In most of the chapters where 
space demands economy of exposition, emphasis is on teclmiquo rather than 
interpretation. Technical details ore, in fact, lavishly given and the final 
chapter on routine histological tec^iquo is a veritable vade tnecutn. But 
as a whole the familiarity of the reader with standard laboratory procedures 
is assumed and the hook is an appendix to and not a substitute for the 
ordinary bench manual. Thus the reader of chap. I on the laboratory 
diagnosis of enteric infections must have access to the Kauffman-White 
tables and must know their meaning. Incidentally he must also be able 
to recognise his old friends “ aertrycke *’ and “ Gaortnor ” under the 
names Salm, typhumurium and Salm, mttntxdis. Again none but the 
already experienced histologist can aspire to confident diagnosis by way 
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of aspiration biopsy (chap. XXXH). A few of the topics such as typhus 
fever, cell counts in serial tumour biopsies and the wet film teelmiquo in 
neurosurgery are clearly of limited appUcation unless the particular 
location of the laboratory calls for a practical interest in these matters 
but most of the other subjects are the almost daily concern of any busy 
general laboratory. ^ 

All of us must have found on occasion, when faced with a problem 
outside our own particular experience or training, that neither native wit 
nor the closest study of our text-books proves so helpful as a visit to one 
who has specialised in the subject to talk with him, to hear his critical 
comments and to watch his technique. Back in our own departments we 
miraculously find our own confidence restored, our vision clear and the 
necessary procedures practicable. The best chapters of this book have 
just the quality of that half-hour’s benchside talk with the expert. Herein 
lies its especial value to that ever-growing body of general pathologists 
who have to work more or less in isolation and who are keen to use the 
best methods of approach to their problems so that they reach the best 
answers. But the expert or specialist himself will hariy fail to profit 
by reading it. He may be, indeed he should be, familiar with the papers 
and procedures quoted in the sections on his own speciality, but it is 
imlikely that he will take great exception to any of the views expressed. 
He is more likely to be conscious of what has been left out. This, however, 
is not to be taken as a wholesale adverse criticism, for it is certainly a very 
great achievement to have gathered so much up-to-date information in a 
single volume, and by limiting each chapter to some ten or a dozen pages 
the review of each subject is made easily readable in a single session. 

Recent literature is fully covered and each chapter ends with a list of 
references. More than half of these 636 references are to papers and books 
published since 1939 and only some 8 per cent, antedate 1930 (including a 
tabulated reference to Billroth, dated 1858, which is surely a record entry 
for a voliune in the “ Recent Advances ” series !). The index is adequate, 
though it may be of less use than the table of contents, which shows the 
placing of matter so clearly. Most of the essays are well written but lapses 
in style are sometimes encountered. The most readable chapters are 
generally those which come from the pens of authors who have already 
written a good deal on their subjects, and style in writing is by no means 
the prerogative of those whose native tongue is English. Here and there 
style is impeded by the perpetuation or invention of ugly and uiinecessary 
neologisms. These are usually of transatlantic origin and objection to 
their use in this coimtry is based solely on grounds of msthetio repulsion, 
bastard etymology and the fact that they are more often than not simp y 
confusing alternatives to already familiar and explicit terms. Thus i 
comes as something of a shock to read in the otherwise excellent chap cr 
XXXVn on the skin biopsy “ basalioma ” and “ spinalioma ” in the 
paragraph on epithelioma. One rather has a fancy for “ pricklioma , 
but this does not seem to have been thought of yet. 

The majority of the 192 figures are photomicrographs in the sec ion ^ 
histology, and 74 of these illustrate the chapter on aspiration biopsy, mos 
of them at a magnification of 100 diameters. They tend to ose 
effectiveness, partly from the low magnification employed (as also m 
illustrating testicular biopsy and endometrial biopsy), partly from 
small size of the individual prints. Low-power photographs m par * 
suffer from reduction in area, as the feeling of a survey ' igte 

lost, and when cell nuclei are reduced to the size of the gram o 


not even a reading glass wiU help. 
Einally, we sincerely hope that 


this volume will succeed to many 
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editions. It is planned in aucli a way that the o<litors’ only difficulty %viU 
be in deciding wliicli parts require revision, -which can bo dropped and 
what now chapters to add. A groat sendee has bwn done to clinK^l 
pathology by tliis liighly original onlerpriso and clinical pathologists tho 
world over will readily subscribe to eueccsslvo editions if tho same quality, 
modernity and comprehensiveness can bo maintamed. 

The pathology of traumatic injury 

By James V. Wilson". 1046. Edinburgh; E. & S. Livmgstono. Pp. xi 
and 192 ; 01 text figa. (10 in colour). 203. 

Tliia is very much a book which dotes : it is a product of a local and 
temporarily intense interest in and concentration upon certain phenomena 
of common occurrence in war. Probobly oven now tho period of its appeal 
is over and pathologists are again getting a more balanced perspective. 
Bo this as it may, it is not suggested thot tho investigations urgently 
demanded ad hoc under tho stimulus of war are unfruitful. Mostly Imowledgo 
advances in a series of jerl«s, and tho spasmodic stimulus to tho intensive 
study of shock, bums, traumatic nnurlo, fat embolism, blast injury and tho 
wounds of war— -which are tho subjects treated of in tho first part of tho 
book — tmquostionably has resulted in valuable gains in knowledge in all 
these fields. One effect — tho publication of a book such as this — is probably 
ephemeral and as tho centre of uiterost shifts so does tho spooial emphasis 
decline, and as the new knowledge becomes absorbed into the general 
pathology of disease processes, so tho spocialisod monograph goes out of 
print. 

Dr Wilson’s book was written ** in tho midst of a troumntic opidomio ” 
and is based upon experience gained during 8or\dco with tho K.A.M.C. 
Its second part is devoted to a special consideration of injuries to tho 
chest, the blood vessels, the abdominal organs, the nervous system, and 
tho bones and joints. Tho field is a vast ono for a book of less than 200 pages 
and the reader is left with tlio impression that the Bur\’oy is perforce 
cursory, Tliore is certainly a lack of personal doctrine in most of tho 
subjects discussed, and whilst tho divergent tenets of authorities are 
quoted the reader will look in vain for any critical nnalj’sis or judicial 
appraisement of those vie%T8. Many if not most of tho illustrations are 
familiar and borrowed. It is to bo hoped that other authors will not follow 
the irritating practice of ocknowledging tho soiwco of those in tho foreword 
rather than with the illustrations thomselv'cs. 

Tliere are numerous references which will bo useful to those especially 
interested in the conditions described. Thoro ore olso many minor errors 
such as Keinbock for Kienbdck, Trouta forTrueta, “ lewisites of phosgene ”, 

impregnateion ” etc., and on p. 93 alone we find ; ” Andrew (for 
Alexander) Fleming ”, ** cocci'Staphylococcus aurous and stroptococcus 
pyogenic ”, " Bacillus proteous ” and « totnnus-gos gangrene ” ; and tho 
wTiter is rather cavalier in liis treatment of tenses and numbers. 

It is perhaps unfair to stress these errors, for tho completion of such a 
book under field conditions must have been o very difficult task and one 
demanding both courage and enthusiasm. 

Atlas oJ bacteriology 

By R. Cbakstos Low and T. C. DOBD3. 1947. Edinbursh : E. & S. 

Wingstono. 100 figs. (107 in colour). 323. 6d. 

Those aware of the toclinicol dilScuIties involved in occurato colour 
photography, especially of bacterial cultures, wilt agree that this atlas 
reaches a high standard in its roproductions of the common pathogenic 
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bacteria in films, ciiltures and histological sections. A number of protozoa 
fungi and viruses are also illustrated. The atlas is intended for use -with 
a standard text-book and the authors wisely allow their illustrations to 
speak for themselves. They do well to emphasise that “ a rapid cursory 
glance will not reveal the details Indeed if the student overlooks that 
some of the cultures have been enlarged from 2 to 16 times he will gain 
an entirely false impression from looking at some of the pictures. The 
volume is well fitted to do for the medical student what its authors intend 
— ^to illustrate what he hears in lectures, sees in the practical class and 
reads in text-books. One possible disadvantage of a volume of this kind 
is not in the authors’ power to overcome — namely, that students too 
readily accept the study of an atlas as a substitute for the trouble of making 
and examining as many original preparations as they might. 

Die Imtaumtatsforscliung, vol. i, Antikbrper, part I 

By R. Dobbb. 1947. Vienna ; Springer-Verlag. Pp. ix and 259 ; 19 
text figs. Swiss Ft. 24. 

The publications which may be grouped under the very comprehensive 
heading of “ Immunity ” are so numerous and so diverse that even the 
specialist will be glad to have available a concise and critical summaiy of 
the contributions to immunology which have been made during recent years, 

In the first half of the first volume of a series of monographs which 
will cover the whole field of immunity, Professor Doerr has given a concise 
but readable account of recent work on antibodies, antigens and the genim 
reactions. English readers, who are well served by the monographs of 
Marrack and of Landsteiner and the immunological sections in Topley and 
Wilson’s Principles of bacteriology and immunity, will find, inevitably, 
much that is familiar to them but will welcome siunmaries of the moie 
important papers published during the last few years. Recent work on the 
nature and origin of antibodies has been siunmarised admirably and the 
value of this section of the book is enhanced by an account of the application 
of the electrophoresis method to the study of the cbaracteristics of imsnnne 
globulins, and of isotopes to the study of their ori^. Other seotiona o 
the hook contain useful accounts of the results obtained by the use of t e 
electron microscope in the study of serological reactions and of recen 
advances in oiu’ knowledge of the agglutination of red coipuscles by e 
influenza and other strains of ultra-microscopical virus. 

The summaries of individual papers and of groups of papers on a i 
topics are introduced by paragraphs which set out the present ® 
knowledge, the nature of the problems and the methods which have ^ c 
used for their solution. Readers whose knowledge of physical cherms ^ 
may be slightly out of date may welcome an explanation of the app ’ j 
of this branch of science to the solution of serological problems. T e 
and stimulating reviews with which the author has ggpj 

of the chapters are not the least valuable features of this book, r 
Doerr’s accmmt of the present state of our knowledge of anti o 
appeal to all who are interested as teachers and research -ntire 

If the other volumes are as good as this, the first to be publts e<k 
series should find a place in the library of every pathologies a o 

Dio Immunitatsforschung, vol. II, Das Komplement 

By R, Dobbb. 1947. Vienna : Springer-Verlag. Pp. vi and 74 ; 
figs. Swiss Fr. 7.50, 

There can be few subjects in pathology about which so ^ Bernm 
written and so little is known as the substance in or func ion 
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which wo call •‘Complement”, and Professor Doerr has dono weU to 
include in a smaU volume of 74 pagea aummaries of ao many papora puhhshod 
on this confused and perploring eubjcct- Tho book contains o ahorl but 
sufBcient account of recent achiovementa in splitting comploinont and of 
the distribution of tho fractions or components of complement among tho 
vertebrates. The very little which ia known about tho mode of notion of 
complement ia discussed, of tho part it ploys, with antibody, in coll death 
(in the ease of certain bacteria), in coll destruction and in tho escape of hiemo. 
clobin from aenaitieed red corpuaclca. Tlio aoctions on tho changes produced 
in some of tho protozoa and on tho noufralisation of viruses by antibody 
and complement help to provide a broader baaia for the consideration of 
problems, the solution of which has boon sought hithorto almost exohisivoly 
by the fntensivo study of bsemoiyaia. Complement ia more tlian. a reagent 
used in the Waasermann reaction. Professor Doort'a thoughtful aummorica 
and his critical appraisement of tho aignifienneo and relativo value of tho 
papers which he quotes odd greatly to tho value of tliia hook, which is 
easentially a work of refotenco for tho apwialiat in aerology. But, OS 
Professor Doerr hoa warned Ida readers, wo atill know very little, after more 
than forty years of intenaive study, of tho origin or functions of complomont 
or of tho part which it plaj'S in health and disease, more particularly in tho 
protection of tho host againat tho parasite. 


The xnleroaeope : ite theory and applications 

By J. H. Wreddbn. 1047. London : J. & A, Churchill. Pp, xxiv and 
290 i 272 text figs, and 38 figs, on 23 plates. 218. 

Tills book has tho virtue of not boingbookisln Tii© author has apparonlly 
come to understand his subject by that uncommon route, tho ozerolso of 
liis own mind. Not that ho has ignored the literature, indeed his quotatioxia 
ate extremciy apt, but like the old-fashioned craftsman his knowlodgo is 
partly in his hand and so hia explanations and descriptions have a freshness 
and clarity possessed by few books on the microscope. One feels ho ia 
neither a maker of leoaes nor an. academic transcriber ; none the less to 
tho academic reviewer tho reference lists scera to bo treated rather too 
casxiolly — and split infinilivea occur too often. 

Apparently few of those who uso tho microscope for a living are export 
in optical matters, and it must have been the uncomfortable oxporionco of 
many pathologists and bacteriologtete to be credited with o knowledge of 
optics which they could scarcely sustain. For those who have to liolp 
juniors and teclinicians this book wjU certainly prove valuable ; it describes 
clearly tho basic optical principles, the various ports of the microscope, 
both opticol and mechanical, and the profitable trays of working. Ufost 
of the references are to Watson’s products, although American and German 
apparatus is also discussed ; but the author, like most English microscopiats, 
ia Bomewhat lacWng in the utilitarianism wliich led to tho Loitz Hv objective 
and to tho Zeiss poncraljo condenser, neither of which is mentioned. 
Doubtless the present delays in book production explain the absence of 
reference to post-war English microscopes and the new phase microscope. 
The lost forty pagee—on tho preparation of iqwcimens — ^reveal tho author’s 
versatility, and may well stimulate other commercial laboratory workers 
to extend their ^e of tho microscope, but tlio brief euramory of histological 
methods, a subject with which the reviewer is familiar, ia ao dangeroiisly 
euporficjal that he has his fears about tho adequacy of some of tho other 
techniques described. The historical introduction by Mr Watson-Balcer 
might well have been longer and this last section cut to its gain. 
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A practical textbook of leprosy 

By B. G. COCHHA 27 E. 1947. London; Geofirey Cumberiege, Oxford 
University Press. Pp. si and 283 ; 183 text figs., frontispiece in colour 
42s. 

Dr Cochrane’s reputation and work entitle us to expect an authoritative 
and standard textbook on leprosy. This expectation is to a considerable 
degree fulfilled in the present volume. The author covers the whole subject 
of leprosy from a practical standpoint. In the earlier chapters he clarifies 
and describes both clinically and histologically the various phases of the 
complex leprotic process. The emphasis is laid particularly on the meaning 
and interpretation of these phases. The main part of the work is devoted 
to the treatment of leprosy and its varied complications. Here description 
and direction are clear, categorical and detailed. Eeaders will find a wealth 
of information on the diagnostic, surgical and medical procedures to be 
adopted in dealing with lepra reaction, ulceration and nerve involvement, 
and with leprosy of the eye, nose and throat. The literature on leprosy 
has tended to be curiously secretive about these subjects and Dr Cochrane’s 
book fills a long-felt want. The latter part of the book deals adequately 
with the subjects of prevention and institutional care. There is a welcome 
emphasis throughout on the importance of child lepro^. The hook b 
admirably illustrated. 

This textbook is important enough to merit criticism. There are a 
number of printing errors. On page 124 the author promises an appendix 
on the preparation of ethyl esters — a promise which is not fulfilled. 
In the chapter on pathology there is too much exposition and also a 
tendency, not uncommon among pathologists as well as clinicians, to 
attribute motive and purpose to cell behaviour. For a textbook which 
merits wide acceptance there is occasionally too much personal emphasis 
and too great a stress on the work done in Madras. Headers would also 
have welcomed a more detailed study of the modem sulphone treatment. 

As a practical aid to the vmderstanding and treatment of leprosy this 
textbook will be found indispensable to the younger leprologist, as well 
as to not a few of the older. A review of the book would be incomplete 
without reference to the deep and warm humanity of the author in Bo 
approach to the human and social aspects of leprosy. 


Miracle drug : the inner history of penicillin 

By Davtd Mastebs. 1946. London : Eyre and Spottiswoode. Pp- Wl . 
21 figs, on 9 plates. 10s. 6d. 

This is a readable volume written in the current style of 
journalism and illustrated with excellent photographs of the scientists c 
concerned in the discovery and development of penicillin. The infor^ i 
is offered in a manner calculated to appeal to the lay public, whic 
scientists and their deeds to bo dramatised in the heroic fashion. ^ 
deal in the book is thoroughly familiar to pathologists and b^terio og ^ ^ 
but there is also a fair amount of little-known information. 
accurate, surprisingly so in some details, and it pays ® nhout 

tribute, not only to the work done in establishing the scienti c m 
penicillin, but also to the pertinacity, resource and character 
and required — in having the drug produced in sufficient i^uan i y o , 
the medical history of the war. The book may be recoimnen -gsgarch 

students and indeed for all who have still to learn that a tnump 
is not secured without phases of despair and drudgery as we 
of inspiration. 
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Henricl’a molds, a»d aclluom^coteB 

By C. E. SKnwEn, C. W. Emmoss nnd H. M. Tsuoihya. Socond 
lOiT. l^ov? YorU*. Jo\m Wiloy & Sons; London: Chapman & Hall. 
Pp. xiv nnd 409 ; 130 text figs. S6.00. 

Althongh bact^iriology may be regarded ns the offepring of mycology, 
these two closely related brnnehea of microblolog>’ have been allowed to 
develop ns independent diaciplinea, to their mutual diaadvnntngo. Tlio 
late Dr Henrici, in 1930, published his Molds, yeasts and acthioinycetcs, 
designed to introduco mycologj» to tho bacteriologist. Tho book achieved 
wolhnieritod popularity, but the untimely death of tho author and tho 
onset of the recent world war delayed tho preparation of a second edition. 
Tliis task was eventually undertaken by tho present editors, who oro 
specially qualified to present tho eubject from both tho mycologicol and tho 
bacteriological standpoint. In view of tho notable advances in mycolo^ 
during tho past decade, particularly in its medical aspect, including tho 
production of antibiotics, it was found necessary to rowilo almost the 
entire book and to add two now chapters. 

The simple stylo of tho text and the lucid descriplions of the morphology, 
physiology, genetics and reproduction of tho microfungi, leading up to 
diecuEsionB on claeavficalion, will appeal strongly to tho reader to whom 
mycology is terra nova. 

Technical procedures and tho economic, industrial and mwllcal aspects 
of mycology aro adequately treated, while tho descriptions of tnycologvcal 
methods used in diagnosis, and tho discussions on allergy, serology and 
immunity in fungous infections will prove especially interesting to the 
tnc<Ucal bacteriologist. However, tho book is not merely a work on me<ltcal 
mycology : it comprehends a much wider field, and the important soctions 
on tho chemical activities of the fungi, including tho production of anti* 
biotics, form one of its most valuable features. 

Ample illustrations nnd bibliogrophy nnd a full index complete a well- 
produced book. 

Without stressing tho danger of narrow specialism or tho ndvarvtngo of 
tho broader outlook which places tho speciality in true perspective, it may 
confidently bo said that this book should find a place on tho bookshelf of 
every bacteriologist. 


Bacteria in relation to domestic science. 


ByC.E. Dukes. 1947. London : GoofiTreyCumberlego, Oxford University 

Press. Pp. viii and 240 ; 9 figs., frontispiece in colour, 123. Cd. 


This book is intended for students of damostic scionco and it could bo 
road with equal profit by medical students. It presents its well selected 
facts simply, clearly and accurately, and maintains a true balance between 
tho pathogenic and the beneficial activities of bacteria. Futuro editions 
could be improved by mention of urinary typhoid carriora, by noting that 
vomited material should bo preserved for investigation from caass of 
salmonella food poisoning, by amendment of the statement /n. 290) that 
duck eggs are alwaj’s safe when boiled, fried or otherwise cooked 
and by adopting a consistent style of bacterial nomenclature in nlace 
of the present mixture which combines correct with less desirable 
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Microdifiusion analysis and volumetric error 

By E. J. Conway. 1947. London: Crosby Lockwood & Son Ltd 
Pp. xix and 367 ; 63 text figs. 21s. ’ 

Micro-diffusion analysis represents a real advance in modem analytical 
technique, especially in the realm of clinical and biochemical mvestigations. 
It seems strange that the underlying principle of allowing the gaseous 
product of a reaction to pass by diffusion, in a closed chamber, into a 
suitable absorbent or reactant should not have been used previously in 
analytical procedures. Absorption of gases into appropriate reactants by 
distillation and aeration methods has, of comse, been the basis of many 
well-known and important chemical and biochemical methods of analysis, 
but the methods are usually tedious and extravagant in apparatus and 
material. Conway’s technique involves the use of a simple and inexpensiw 
glass apparatus (termed the “ Unit ”) consisting of an inner and an outer 
chamber. The gaseous product of a reaction (e.g. ammonia, volatile amines, 
carbon dioxide, acetaldehyde) passes from one chamber where the gas 
exerts a certain tension into an absorbent in the second chamber where 
the tension is zero. Analyses are made of the contents of the second 
chamber and the accuracy is limited only by the accuracy of delivering 
and titrating fluid volumes of the order of 1 ml. Conway claims that 
the method appears to be the “ simplest possible consistent with the 
maximum attainable accuracy in the handling of micro-volumes ”. The 
technique has been adopted for analyses of ammonia, amides and aminK, 
adenosine and adenosine derivatives, halogens, alcohol, acetone, lactic 
acid and glucose, carbon monoxide and carbon dioxide. It may be also used 
for the assessment of the activities of enzymes, such as carbonic anhydrase, 
which control reactions giving rise to gaseous products. 

Conway’s book describes his “ Unit ”, the various physico-chemical 
factors involved in diffusion techniques, the micro -pipettes and burettes 
required and the errors involved in their use. It gives details of the 
analytical methods, involving the micro-diffusion technique, which ha\e 
now been adopted in many laboratories, referring in particular to estimations 
of ammonia, xirea, amines and lactic acid, etc., in biological fluids aad 
tissues. Many of these methods seem to be particularly suitable for 
adoption in clinical investigations. 

The book has a most valuable section on the errors involved in volume no 
titrations. It has a good bibliography and is well illustrated and produ ^ • 
It may be highly recommended to all engaged in biochemical and c mica 
laboratory practice. 


PROCEEDINGS OF THE PATHOLOGICAL SOCIETY 
OF GREAT BRITAIN AND IRELAND 

4(7* amZ 5(7* Jult/ 1947 

The seventy-fourth meeting of the Society ^rns held at the Royal Victoria 
Infirmary and the Department of Bacteriologj', the ifedical School, 
NewcastlO'Upon-Tyno, -on Friday 4th and Saturday 5th July 1947. 

Communications and demonstrations 

The item marked with an asterisk is abstracted below 

A. C. Lendrum. Rhabdomyosarcoma of the diaphragm in a case of nsbestosLS. 

H. SiKL. Addison’s disease due. to congenital hypoplasia of the adrenals in 
nn infant aged 33 da3ra. 

J, B. DuatuD. Mural thrombosis as a factor in atherosclerosis. 

J. G. Thomson. Observations on Gram’s stain. 

W. BLACK^vooD. Brain-stem hjcmorrhago secondary to acute intracranial 
hypertension. 

Dorothy S. Russell and A. H. E. Marshall. Microgliomatosis s a form 
of reticulosis involving the central nervous system. 

G. Bucbxe, P. MacCaixum, H. A. Sissons and J. Tolhurst. A now myco- 
bacterial infection in man. 

J. Francis. Some observations on the behaviour of Loncofiold’s group*A 
and group-B streptococci in the dilch embryo and mouse. 

R. D. Stuart. Further observations on the maintenance of the viability of the 

gonococcus during transport. 

A, L. Latner. Observations on a case of nocturnal hrcmoglobinuria (Mar- 
chiafava-Micheli ejiidromo). 

S. D. Elliott. Properties and crystallisation of streptococcal proteinase. 

*1. Lominski and J. A. Milne. Heat resistance and filterability of staphylo- 
coagulase. 

A. H. Emsue-Smith. Agglutination of coliform bacilli by normal rabbit’s 
serum s the complexity of the antibody concerned. 

C. Raeburn. Isolated myocarditis of diffuse typo in an infant of eleven months. 
Freda K. Herbert. Acute idiopathic porphyria. 

W. P. Weir. A case of epithelioma of the stomach. 

E. S, Hornino. The induction of bronchiogenio carcinomas in mice. 

I. Rannie. Massive intravascular tumour grou’th without thrombosis in a case 
* of uterine sarcoma. 

I. Rannie, H. G. H. Richards and J, G. Thomson. Isolated myocarditis. 

J. G. Thomson. Obstruction of main bronchus by plastic exudate in lobar 

pneumonia. 

R. ScHADE. Peptic ulceration in a gastrogenous mediastinal cyst, with fatal 
hamatemesis. 

T. Cravtord. An unusual form of bronchial tumour. 

J. S. Faulds. Synovial sarcoma : throe cases. 
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F. B. Smith. Probable apocrine carcinoma of breast. 

C. J. E. Weight. Two cases of arachnoidal endothelioma (meningioma), one 
showing advanced myxoid degeneration, the other telangiectatic (“ angio. 
matous ”). ° 

J. S. Young. A cinematograph film illustrating a single principle likely to be 
concerned in the dissemination of malignant tumours — by progressive and 
retrograde embolism and by the “ permeation ” of lymphatics and venules— 
and in the onset of paravascular necrosis. 


Abstract 


577 • 15 • 036 : 577 • I5 (staphylocoagulase) 

HEAT RESISTANCE AND FILTERABILITY 
OF STAPHYLOCOAGULASE 

Iwo Lominsei and J. A. JIune * 

From the Department of Bacteriology, the University and 
Western Infirmary, Glasgow 

In the course of work on anti-staphylococcal immunity there was need for 
large ammmts of coagulase containing no living cells (filtered or heated cultures). 
The puzzling phenomenon was observed that coagulase of the same strain of 
Staphylococcus aureus gave from one experiment to another variable results 
as regards resistance to heat and filterability. Similar conflicting statements are 
met with in the literature, e.g, von Gonzenbach and Uemura (1916), Gross (1931), 
Gengou (1933), Walston (1935), Fisher (1936), Lomioski (1944) and Smith 
and Hale (1944). The present work is an attempt to find the reason for thKO 
inconsistencies. 

Five strains of Staphylococcus aureus were selected, all of which were killea 
when exposed to 65° C. for 45 minutes. Cultures were made in horse-he^t 
extract and horse-heart digest broth {pH. 7-4), with and without the addition 
of human plasma. Cultures were incubated for 1-14 days. After incubation 
the pH of every flask was tested. Seitz filters (Sterimat, grade S.B.) an 
Chamberland filters (L2, L2bis and L3) were used ; heating was effected } 
immersing the cultures in a water-bath at 65° C. for 45 minutes. Citra 
plasma plus 2 units of heparin per c.c. was used throughout. 


Results 

The pH of the cultures varies considerably with the type and ^ 
medium and, to a less extent, with the time of incubation. Thus c 
extract broth are almost always acid after 24 hours (down to pH 6‘4) an 
remain so ; occasionally the pH rises and stays neutral after 5-7 ^ 

batches of media first become acid (48 hours), then neutral o/hours 

manently acid. Digest-broth cultures are alkaline (up to pH 7-8) sf 
and usually remain so on further incubation. It was found that aoi 
yield a weak but definite coagiilase on filtration (maximum titre ' _^ase 
none on heating, while alkaline cultures give on heating a str ong 

* This work was carried out by J, A. Milne during the tenure of a MoCunn 
Research Scholarship. 
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(titro up to 1 : 8000) but nono or only traces on filtration. In orclor to dotormmo 
whether tho reaction has n direct inftucnco on filtcrability and boat rosistnnco 
every culture after incubation was divided into four portions ; tho reaction of 
two was mode acid (pH C-0.6-8), of tho other two alkaline (pH 7‘0-7'8). One 
acid and one alkaline specimen wore filtered, tho other pair heated. CJoaguInso 
proved heat resistant at tho nlkalino and filterable at tho acid reaction. ^ It 
must bo noted, however, that tho titre of cong\ila.so obtained by filtration 
through Seitz or Cliaraborland filters is always considerably lower than the titro 
of the heated portion. Thus in contrast with Gradocol membranes (Smitli and 
Hole) Seitz and Cllinmbcrland filters retain tho greater part of tho coagulaso. 
Also, even \inder optimum conditions, digest broth yields on heating more 
coa^ase and on filtration less than extract broth. The results of an experiment 
are given in tho table. 


fir 

DJgfst troth: titro 

Extract troth : titro 

&Rcz hrallng 

after fiUntlon 

after hcatlnt 

after filtration 


mm 

1 : 8000 

m/Bm 

1 : 1000 

0 

7-0 

1 1 4000 


li250 

0 

61 

1 •. 260 


0 

1: IG 


0 


0 

1:04 


0 

1:10 

0 

1 1 128 


Contrary to these findings with whole cultures submitted to heating, tho 
coagulase present in filtrates resists subsequent heating at both alkaline and 
acid reactions, Tho factor which causes heat sensitivity of coagulaso in acid 
whole cultures is retained completely by Chnmbcrland L3 and Soitz filters, but 
only incompletely by Chamberland L2 and LSbis candles. It was found that 
wadiod live stophylococoi added to fiUored coagulaso were without effect on its 
heat resistance, whereas tho addition of 10 per cent, of tho supernatant fluid 
of a spun culture to filtered coagulaso rendered it sensitive again to heating ot 
acid reaction. 

Tho addition of plasma to tho modium increases considerably tho filtcrability 
of coagulaso, specially in extract broth, tlirough both Seitz and Chamberland 
filters (c/. Gengou), titroa of 1 : 4000 being frequent. Hero again filterabilily 
is best at a pH below 7, heat resistanco above 7. However, coagulaso obtained 
by filtration of ocid plasma-broth cultures remains heat sensitive, Tlie increased 
filtcrability in plasma media appears to hold not only for coagulaso but also for 
the imknown factor which determines tho heat sensitivity of coagulaso. 

It may be concluded from the present experiments that, apart from affecting 
the actual production of coagulase, tho medium has on influence on tho filter- 
ability and heat resistanco of coagulaso. Tlie pB. determines, ccierh paribus, 
botli filtcrability and lieat resistanco ; heat resistance appears to bo direotly[ 
filtcrability inversely correlated with tho pH value. The conflicting results of 
previous work thus become explicable, since differences of media, filters and pH 
I seem to have been overlooked, while whole cultures and filtrates have been 
employed indiscriminately for testing heat resistance. 

' Tho obovo work has involved great care in the preparation of media for 

this we wish to express our indebtedness to Mr J. M. Scoullor and Jlr J. A. IficLood 
< of this department. We are indebted to tho Hnnkin Research Fund for a jrrant 

, towards tho expenses of this work. ° 
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F. B. Smith. Probable apocrine carcinoma of breast. 

C. J. E. Weight. Two cases of arachnoidal endothelioma (meningioma), ono 
showing advanced myxoid degeneration, the other telangiectatic (“ a'ngio. 
matous ”). 

J. S. Young. A cinematograph film illustrating a single principle likely to be 
concerned in the dissemination of malignant tumours — by progressire and 
retrograde embolism and by the “ permeation ” of lymphatics and venules— 
and in the onset of paravascular necrosis. 


Abstract 

577 • 15 • 036 : 577 . 15 (staphylocoagulase) 

HEAT RESISTANCE AND FHTERABILITY 
OF STAPHYLOCOAGULASE 

Iwo Lominsei and J. A. Mnjra: * 

From the Department of Bacteriology, the University and 
Western Infirmary, Glasgow 

In the course of work on anti-staphylococcal immunity there was need for 
large amounts of coagulase containing no living cells (filtered or heated cultures). 
The puzzling phenomenon was observed that coagulase of the same strain of 
Staphylococcus aureus gave fi'om one experiment to another variable results 
as regards resistance to heat and. filterabUity. Similar conflicting statements are 
met with in the literature, e.g. von Gonzenbach and Uemura (1916), Gross (1931), 
Gengou (1933), Walston (1935), Fisher (1936), Lominski (1944) and Smith 
and Hale (1944). The present work is an attempt to find the reason for these 
inconsistencies. 

Five strains of Staphylococcus aureus were selected, all of which were killed 
when exposed to 65° C. for 46 minutes. Cultures were made in horse-heart 
extract and horse-heart digest broth (pH 7-4), with and without the addition 
of human plasma. Cultures were incubated for 1-14 days. After incuba ion 
the pH of every flask was tested. Seitz filters (Sterimat, grade *1* 
Chamberland filters (L2, L2bis and L3) were used ; heating was 1 

immersing the cultures in a water-bath at 65° C. for 46 minutes. Ci ra 
plasma plus 2 units of heparin per c.c. was used throughout. 


Results 

The pH of the cultures varies considerably with the type and 
medium and, to a less extent, with the time of incubation. Thus c 
extract broth are almost always acid after 24 hours (down to pH 64) an 
remain so ; occasionally the pH rises and stays neutral after 5-7 ,, „j.. 

batches of media first become acid (48 hours), then neutral an 
manently acid. Digest-broth cultures are alkaline (up to pH 
and usually remain so on further incubation. It was foxmd tha aci 
yield a weak but definite coagiilase on filtration (maximum 1 re 
none on heating, while alkaline cultures give on heating a s rong 

* This work was carried out by J. A. Milne during the tenure of a Me 
Research Scholarship. 
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Description of the experiments 


The details of the procedure were tlio same os in the Inst investigation 
(CalJender ct oh), with the same object of allowing both erythropoiesis and 
survival of the transfused cells to procecxl under conditions ns nearly normal 
as the method will allow. Blood was removed in two or three bleedings of the 
subjects and replaced by cells from an approximately equal volume of group-O 
blood. The transfused cells wore then followed by the modified Ashby technique 
(Dacio and AfoIILson, 1943). The vohmteerfl %vcre four young women working 
in tlio department and two male medical students, none of whom had boon 
transfused before. They all liad R!i*positivo blood. Apart from subject V thoy 
had no reaction to the transfusions and no irregular agglutinins could bo 
demonstrated later in their sera. 

Subject 1, Female, group Ai RhiRh,. TSvo healthy children. Jtonstruatvoa 
G days in 25*30 days ; normal Joss. 1080 c.c. blood withdrawn, Transfused 
with cells from about 1100 c.c. gTonp*0 Rh+ blood. Hajmatocrit before- 
experiment, 39 ; afterwards, 41. 
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®0 & T. oAamDBB, a o. powbll Am l. nm 

STeri^eS !?9 ; iTer^JX'lT 

rfero„p.OBb+ blood, 

Thia subject famtcd during fclio withdrawal of bi^d. ’ 



Time from transfusion (days) 

Fig. 1. Survival of transfused cells in a normal female recipient (subject II )• 
monstnml periods aro indicated by yoked arrows. 


Subject IV. Female, groujJ Aj Kljorii. Menstruation 6 days in 28; lo's 
normal. 1210 c.e. blood. witlidraATO. Subject felt faint. Transfused with et’’^ 
from about 1100 c.c. of group-0 Rh-f blood. Hteraatocrit before experhn'^”*’ 
42 ; afterwards, 39. 

Subject V. Male, group Aj, EhjRh2 or A, Rhjrii. 1000 c.c. blood withdraw. 
Subject felt faint. Transfused with colls from about 1000 c.c. of group-0 But 
blood. 

Subject VI. Male, group A Rh-f. 1300 c.c. blood withdrawn. 
with cells from about 1160 c.c. of group-0 Rh-f blood. This subject oxlnbit® 
a post-transfusion reaction and the counts were subsequently very ’j' 
The result wns therefore rejected as unreliable, although in fact it agiccc ^ 
findings from more normal cases. As with subject IV of our previous 
this agreement is of sorne interest as showing the stability of the ]20-daj nn 
to the life span of the cell. 



RED-CELt, SURVIVAL 


C21 


It miiy bo paid at onco tlmt tlio aiitvivnl ciirvca for women diffonxl from thoao 
for men in an immlstnkcnblo and rcgidnr manner. Typical oxnmploa are given 
in fisa. 1 and 2. Conwqiientls- a-o linvo to rcrino our former qnnntimtivo 
treatment oftho obiervntiona to tako account, at least of tlio known additional 
blood loss, namely meastruation, in women. XJnfortuiuttcly in carrying out 
the o.vporimcnts it was not possible to ciisiuo that the blond traMfitsed into 
any ono subject was all derived from donora of one aox. The conditions ot tlio 
experiment wero thus not tbo simplest possible and tlio dodiiotioas wo can 
mako are thereby limiteii. In apito of tlio now features which iiavo nppearod. 
it is still true that tbo aitrvivol curves approach tbo axis fairly sharply at about 



Fio. 2.— Survival of transfused coWa in a normal male recipient (subject V). 

120 days from transfusion. This confirms the general hypothesis that moat 
cells persist for tliis length of time nfter leaving the bone-marrow and, more 
particularly, indicates that the biological machinery which brings it about 
is quantitatively similar in men and women. It may bo suggested that the 
differences in tho two classes of curves are duo to external influences un- 
connected, or only remotely connected, with tho internal economy of tho red 
coU. Therefore, before considering tfao numerical results, we first obtain some 
matliematical-rolatioaships from the analj'sis of blood loss into tho operation 
of two factors : (i) a factor which determines tlio destruction oftho cell according 
to its ago ; we shall refer to this as tho “ intrinsic factor ” ; (ii) a factor whidi 
acts without regard to the coil’s ago and is possibly composed of several 
independent parts not Icinetically distinguishable, c.g. mere physical escape of 
blood, patliologioal Iiremolysis and casual traiuna duo to passage throxigh tho 



522 S. T. CALLENDER, E. O. POWELL AND L. J. WITTS 

capillaries. We shall assume this factor to be acting with constant iutensitv 
the rate of removal of cells by it being proportional to the niutiber available to 
its action. It -will be referred to ns the “ extrhisic factor ”. It will he realised 
that the more detailed picture is subject to the same general uncertainties as 
are introduced by the assumptions wo formerly discussed, apart from the 
special ones made here in developing it. 


Cell survival tinder the influence of diverse destructive factors 

In all cases we may tvTite the fractional rate of loss of cells as 
the sum of the non-seleotive loss and the loss by ageing. Using ^ 
with the previous meaning of expectation of sur’iival, or fraction 
su^vi^’ing, to age t at least, we have in a normal circulation 

— = m— ^ . . , .1 

dr ^ dr 

where D is a constant measiu'ing the intensity of tlie extrinsic factor, 
and cf)^ is a function of t gi^nng the expectation of survival accorded 
by the intrinsic factor. Here df>JdT is multiplied by because the 
added loss due to the extrinsic factor leaves only this fraction of the 
cells available to the operation of the intrinsic factor. Integrating 
equation I with the conations that (j>{0) and ^„(0) = 1, we have 

~ (— • . . n 

This <f>, as well as being the expectation of life, is also (apart from a 
constant multiplier) the age distribution of the cells in the circulation 
at any time, provided they are being formed at a fixed rate, as we 
have constantly to assume. We note that if the cells are removed to 
a different environment, will by hypothesis be unaltered, but D 
may change. 

Now if 71 . is the rate of production of cells per unit volume o 
blood, there are present in this Amlume 

n<f>^(T) exp {—Dr)dr 

cells of age between t and r+dr. Let Nj be the total red cell count, 
and suppose some of the blood be transfused, reacliing an iw m 
cormt Nq in the recipient. Then the number of cells transfuse ro 
tills age-group is 

n<l>a(r) exp {-Drjdr. 

If N is the total number of cells sunnving to time t after transfe 
we have with our previous notation N— N(,^(t). Let us 
by TUgAr’pit) the number of cells firom the age-group un er consi 
tion which survive to time t. Immediately after transfusion 

ArtpiO) = 71^o(t) exp (— DT)dr/Ni. 
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Later ivc aliaU have for the rate of loss from the groap, hy similar 
reasoning to that ahovo, 


.h\^ 




A,0(t) 

U-r+t) 


.‘Mi 

cf/r 




III 


For the effect of the extrinsie factor iu the recipient, here called B, 
wilt in general ha different from that in the donor (D). The extrinsic 
factor acts on the celts ■nfthout regard to their ago, but continues 
ns before, and the ago of the cells is now r+t. Equation III gives 
on integration 

Ar^(t) = A exp (— Rt)i^„(T4-t) 


where A is a function of r. Putting t ~ 0 we find 
A —11 exp {— I)T)dr/N,, 

and 80 

Ar^(t) == « exp (— 1)t— E/)^„(Tri-()dr/N,. 

Wo obtain the total mimber surviving by summing the groups of 
celis which wore of nil possible ages at the time of transfusion ; 

•Pit) = f Ar<P{t) = ~ f'oxp (-l)T-Rt)^(T4-t)';T 
J » *VlJ u 

= |-exp{{D-R)l}f''cxp(-DT),i,(T)dT . . IV 

Aj J , 

* 

This is the general form of the sundvnl curve wluch wo measure. 
The velocity constant of the c.xtrinsic factor may talco two values, 
L„ {in men) and L,„ (in women), and they may bo expected to be 
imcqual. B and D will each take cither of these values — the same 
value svhen recipient and donor are of the same sex, different values 
when they are of opposite scxe.s. 

If, as wo have reason to believe, the intrinsic factor acts simply by 
causing the destruction of the cell when its ago is about 120 days, 
we have, ideally, neglecting the scatter of individual life spans about 
this average, 

Pa ~ L V„>T>0 ; = 0, T>7-„ 


whore t„^ 120. Then equation IV becomes 


Pit) == exp 


{(D-B)t}| 


exp {— DT)rfT 

i 



jexp (-Di)-exp (-DrJ 
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But Nj7i is the true average life of the donor’s cells, given also by 


whence 


. No 

^ ^ J = J exp (— Dt)(Zt 
- {1-exp (-DrJ}/D. 

N=N„0(<) 

N„ exp (-R<) . 

i-exp (-DrJ 


VI 


is of course the end-point of our survival curves and is the reciprocal 
of the number which we have called L^, ghdng the rate of destruction 
by the intrinsic factor alone. Since we may expect L„, and L,,— the 
possible values of R and D — ^to be considerably less than (and tliis 
is borne out in the results), we expand the exponential functions and 
neglect cubic and higher terms, when instead of equation VI ve 
have to a sufficient degree of approximation : 


N = No(l-M 


L,(2R-D) 

2L,-D 


. vn 


That is, the curves we obtain for the survival of transfused cells nill 
in general be nearly parabolic, whatever the sexes of donor and 
recipient, and in fitting them to the data we have to determine three 
parameters, and L^(2R — D)/(2L^ — D), The last we abbreviate 

to Ly, which may be regarded as a measure of tlio departure of the 
curves from linearity. 

We have now to enquii’e how adequately the true survival laws 
are approximated by equations II and VI, remembering that blood 
loss in menstruation is not continuous but periodic. Taking the 
extreme case, we postulate a catastrophic loss of equal amounts of 
blood at equal intervals of time and determine the equation for j> 
corresponding to equation II, assuming as before that the intrinsic 
factor destroys no cell until it has reached its age limit or l/hj- 
We write L„,m for the proportion of the total amount of blood lost 
on each occasion, m for the time interval and v for the greatest integra 
number of intervals in the life span as conditioned by the intriMic 
factor. is then the average rate of loss from the circulation w c i 
agrees with the meaning it had in the previous paragraph. 
the chance of a cell’s surviving to a time just following a loss o oo 
is less than its prior value by times that value, but ot enyr-e 
the probability does not alter until at t = 1/L^ the cell is 
From this it is seen that the curve for ^ is stepped, the heights o 
successive steps above the axis being 

1 , {l—Ljin)^ . • . 
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Such a stopped curve is shown in fig. 3, tlie values of Ijj, Ij,p and m 
being 0'0083, 0-003, and 30, roapeotivcly. Sviporitnposed on it is tlic 
curve given by equation 11 with the samo values of the parameters. 
The expectation of life of the coll in the present cireuinstanccs is not 
a fixed quantity, liowcvor, and it has two oxtromes, according ns the 
cell has been delivered into the circulation just before or just after a 
loss of blood. These are given by the o.xprcssions 

lower limit ; 

0 

upper limit : iiiS (1— L^uiir+fl— i'L,i»)(l— L|„iii)‘'/L, 

With the same numerical values as in fig. 3, these extremes arc 
05-3 days and 104-8 days, while equation II gives 100-7 days. The 



Pig. 3.— Companion of continuous and discontinuoua laws of survival. 


differences are not largo compared with the uncertainty of experi- 
mental results, in spite of the large value assumed for L„m (9 per cent., 
or about 4G0 c.c. per period) -, also the loss in practice is not in- 
stantaneous hut spread over some days. It is evident, then, that we 
may safely use the more convenient equation II as an approximation 
in numerical work. Exactly similar reasoning shows that equation 
VI or VII is adequate to represent the snrvival of transfused cells in 
a female subject. 
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30 per cent., 250 c.c. is still excessive. It is true that it probaWy- 
errs systematicallj- by excess : in a sensibly linear curve, a rapid 
initial fall of small duration and a slight tailing off at the end Mill be 
neglected, but they -null be included in the overall cury-aturc if the 
latter is everywhere appreciable. Thus the estimate of the difference 
between the two types of survival curve ivill be too high. Scatter of 
the life span of the cells about the modal value r„ would produce 
a tailing off in the curve of a different character from the steady' decrease 
in slope found here. Increase in degree of scatter will not acconnt for 
the apparently greater rate of cell destruction in women. In another 
respect the result is not unreasonable. The total red-cell count is 
normally lower in w'omen than in men. Vaughan (1936) gives the 
respective average values 5-01 and 5*42 millions/mm®. The lower 
count might, a priori, be due (i) to a greater rate of cell de.stniction ; 

(ii) to a smaller influx of new cells resulting from a lower marrow 
activity or from a relatively smaller amount of erythropoietic tissue ; 

(iii) to both these factors together. Our results should enable vs to 
decide between these possibilities and they do in fact lead to an 
acceptable answer. The rate of production of cells per unit volume 
of blood is the ratio of the red-cell count to the av^erage life, n = 
and a comparison between men and women can be made thus : 

^ X . , . . vin 

We have found that blood destruction is greater in women than in 
men, and the ratio of the red-cell counts is Icnown, hub we cannot 
find L„, and L„ separately with the data we have. However, the 
ratio of the average lives can be found with sufficient accuracy for 
the present purpose ; from equation V, 

is = (l-exp (-L,„/L,)}L„. 

'^t!> exp { Iijj,/Ijj)^Ij,„ 

Substituting in equation VIII, 

'’bs. = 1-17 = 1-08. 

n„, 5-42 

The difference of tliis ratio from unity is not really sigmficant. fr 
a first approximation we may’^ say that the lower red-cell count in women 
is largely due to a greater rate of cell destruction and that the ra c o 
blood formation is nearly the same as in men. Our estimates are 
course all made relative to unit volume of blood and do not repre-se 

absolute total amounts. _ 

An attempt was made to detect a fluctuation in t le sur 
curv’’es for the female subjects by correlating the 
the data with the menstrual periods. It was found that le ° 
were erratic and on the whole larger than the greatcs p 
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irregularity that could bo- due to tlio latter, and no significant period 
could bo found. Kg. 4 (subject II) is given as an example. The 
j 5 teppcd lino bears the samo relation to tbo fitted ]>atabola ns does 
tUo stepped to tbo smootii curve in fig. 3 : instead of a steady loss of 
cells at a rate NL, per day to the extrinsic factor, it represents the 
loss between two menstrual periods as occurring suddenly at the 
onset of the first of tho two, with only tlio normal- ageing proceeding 



Fio. 4.— Sun'ivnt of triwsfuseJ celts in a normal female recipient (subject II) with 
a discontinuous law of eun-ivnl for comparison. The tncnstrual porioda arc 
mdicatei] by yoked orrows. * 

in the intervals. The rc.sult stated above is immediately obvious 
and, a fortiori, we could not expect tho true periodic blood loss to be 
detectable. 


Discussion 

In this paper wo have been largely concerned with a more detailed 
and therefore more exceptionable, account of tho survival of red cells’ 
It is all the more important that the broad outline riven v.w e 
treatment sbonld be sound. It has in fact 
recent investigations by different methods. 
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and appreciably curved in women. Their average lives w«c 
respectively 63 and 54 daj'^s. 

3. The relation has been deduced between the decay of transfused 
cells and the law of surrdval of the individual erjdhrocyte on tlie 
assumption that two types of destructive factor are normally operative. 

4. It is concluded that most red cells live for approximately the 
same time, 120 days, in both men and women. 

5. Extraneous factors cause the loss of some cells before they 
have reached this age-limit. The loss is greater in women than in 
men by the equivalent of 400 c.c. of blood per month— more than 
can be ascribed to menstruation. 

6. The average age of cells at death is tentatively assessed at 
90-100 days in women and 1 10-120 days in men. 

We are indebted to the late Dr G. L. Taylor of the Galton Laboratot}-, 
Cambridge, for supplies of sera, and to Sirs Margaret Bruce-Loekliart, 
Barbara Mallett and Miss Elizabeth Howes for technical assistance. 
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Addendum 

Since tliis paper was submitted for publication further work has appear^ 
which corroborates our results. Shemin and Rittenberg (1940) have n 
completed an experiment with labelled glycine on the lines of that 
above (p. 630). They find the average value of the life span to bo ‘ 
Also experiments with radioactive iron and phosphorus indica ore 
Hevesy. 1947) point to the same conclusion. 
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A NEW SALMONELLA {SALM. FAYED) WHICH 
CAUSED lAATAL ENDOCAllDITIS IN MAN 

E. S. A>t>eeson, H. J. Avukiison and Jom. Tayloii 

Prom the Drparltnenl oj Itaumolojti, Jtnlioh I’Mlgrnihutlc. Mciliail bchuol, 
Ijondon, the, 10th General llospilal, M.IU’., unit the baliiwmVa Jtijircnee 
Lahofatorify Colmdfikt Loiufon 

yA.TAii disease from lesions otlici tliau those of the gastro intestinal 
tract is not commonij caused by niemhor^ of tho Salmonella ^rioup 
apart from S. i^iph and the paratyphoid bacilli. 


CA.SI Ufcl*OUC 

Iho patient, a German prisoner of trar, complained of nmto diarrhaa on 
31,8 45. Ho wus ftdmittvl to the siclv bn> and three ilajs Inter to tho P.O.W. 
wing of no. 10 General Hospital, stationed m Hgjpt. On ndinission )jis general 
condition \va3 fair, temperaUiro 100^ V., pul‘*o 84. Nothing abnormal sias noted 
m tho chest otlicr than increased rapidity of tho heart. On ovammation it was 
found iimt there was tenderness on pro^iuro in tlio kft lower quadrant of tho 
abdomen Tliero was no crilargomeiifc of tho luer, tho bploen was not jialpablo 
and tliero was no rn'^h. The patient posse<l 16 fluid motions m 24 lioiirs. Ho 
■was treated with Hulphaguanidme, 0 g. daily for four dajg. Tho diarrhcnn 
gradually dimmished until at tho end of treatment ho was passing one normal 
stool daily. However the temperature remained raised, though nothing 
abnormal was found on abdomuial c?:ammatiou On tho IBtli da3' of illness tho 
patient complained of pain in tho right shoulder and right loiee, but on o-^nmina* 
tion no abnormal signs were found. A low pro si’stohc imtrnl murmur was 
heard on auscultation. Tho tempomturo wos 09'" F., pulse 104. A 3 day course 
of sulphaguanidmo, 6 g. daily, was given but the temperature was unaflected 

On the 30th day of illness tho patient -was oxammed by the Britwh medical 
specialist, who reported tliat he looked pale ond lU and had clubbing of tlie 
lingers No potcchi'o were seen The spleen was enlarged to two fingers- 
breadth below the costal margin. The pulse was not of the Corrigan tjpe A 
pronouncctl aortic sjstoho murmur and possibly a pre ^stolic murmur at tha 
apex were heard A provisional diagnosis of bacterial endocarditis w as made. 

During the sivth week of illness the patient suddenly complained of pain 
in the left foot, which was found to be pulseless, ond colder to touch than tho 
right The heart sounds were unchanged Sulphadmzine was gi\en but tlio 
patient's condition was unaffected. During tho moth week the patient suddenly 
complaincil of severe pain m the left upper quadrant of tho abdomen and a 
diagnosis of splenic infarct was made. Tli© patient's condition now gradually 
deteriorated, the heart becoming progressively enlarged until lio died, 12 weeks 
after the onset of symptoms. 

J TATH UACT — TOl. IIX 
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L^vboratoky investigations 

From a blood culture taken during the 4th -n-eek of illness an 
organism of the Salmonella group was isolated. Blood cultures taken 
during the 2nd, 5th and 9th weeks were sterile. The urine was 
examined microscopically on many occasions with the following results • 
albumin present, erythrocytes ++. leucocytes +J-j-/granular 

Ccists — { — 

Blood examination showed a mild anaemia with a total white-cell 
count of 6000 per c.mm. : the differential count gave a normal 
distribution of leucocytes. 

Post-mortem findings 

The body Avas ivasted and pale, the left foot bluish, with sealing 
hypertropliic sldn. A specimen of blood for bacteriological investiga- 
tion was taken by cardiac puncture. 

Lungs. Basal congestion and purulent bronchitis. 

Heart. The pericardium was densely adherent oi'er the front of 
the heart. The lateral and posterior portions of the pericardium were 
free and there ivas a normal quantity of pericardial fluid. The heart 
was greatly enlarged, the left ventricle being dilated and hyper- 
trophied. The right ventricle was also dilated, but only sUgMiy 
hypertrophied. The aortic valve was congenitally deformed, shoring 
two complete cusps and one ivliich was less than 1 cm. in ridth. 
Large firm vegetations up to 1|- cm. in length were attached to the 
margins of all the cusps and the anterior cu.sp was ruptiued. The 
coronary arteries were normal. No otlier noteworthy valnilar 
abnormalities were found. 

The femoral artery contained a partly organised embolus at the 
level of the profunda feraoris. < 

Spleen. This organ was considerably enlarged and adherent to 
the parietal peritoneum and omentum at its lower pole. Underlying 
the adhesion was an abscess 3 inches in diameter, fuU of reddisli-broim, 
foul-smelling pus. A specimen of the pus ivas taken for culture. 

Suprarenals. Normal, 

Kidneys. The left kidney showed a healed infarct : tho rig i 
presented evidence of recent infarction over an area 1 inch in diameter 
in the cortex near the upper pole. 

Histology 

Aortic valve. The entire ventricular face of the valve was 
by structureless thrombus in which masses of Gram -negative aci 
were embedded. The free surface of the thrombus was 
a thin layer of leucocytes was adherent to it : the attache s a 
merged into the substance of the valve cusp, and there ® > 
fibrous organisation of the deep aspect of the vegetations. 
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involved to a much less extent, the aortic aspect of the cusp also 
showed the presence of vegetations. 

A projection of the vegetation extended for a considerable distance 
in the direction of the blood florv, forming a spur reaching into the 
first part of the aorta. There was marked distortion of this cusp 
and a considerable amount of round-cell infiltration and vnscukrisation 
at its base. 

Kidney, The section showed a largo infarct in which the renal 
tissue had preserved its general structure, but the cell outlines and 
nuclei had disappeared, leaving an area composed largely of necrotic 
eosinophil material. A heavy infiltration rvith polymorplrs was present 
at tho periphorj' of the necrotic zone and many extravasated red cells 
wore seen between tho tubular remnants. At tho side of tho large 
infarct two small arteries were found whoso lumina were completely 
occluded by fibrin plugs containing largo numbers of loucocyte.s and 
red cells. Each contained a ainglo mass about 50 ;i in diametor 
composed of Gram-negative bacilli. 


Bacteriology 

Blood culture was performed on four oecasions during life, and at 
post-mortem, but only one, that of etU October 1045, jdelded n Grnm- 
negativo ooliform bacillus. A similar organism -was grown from tho 
splenic abscess found post mortem. Subsequent investigation showed 
that these two bacteria were morphologically, culturally and .sero- 
logically identical. 

Tho organism was a motile Gram-negative rod. On plain and 
MacConkoy’s agar the colonics wore 1-2 mm. in diameter, with a 
smooth surface and an entire edge. Tho hioohomical reactions were 
as follows. Acid and gas were formed in glucose, mannitol, maltose, 
dulcitol, xylose, sorbitol, rharanoso, dextrin, trehalose and arabinoso. 
Lactose, sucrose, salicin, adonitol and inositol were not fermented. 
Indole was not formed, tho Voges-Proskauer reaction was negative, 
and the methyl-red and eitratc-utilisation tests wore positive. Slight 
acid was produced in litmus milk. Gelatin was not liquefied. 


Serology 

Tho organism -svas agglutinated by S. newport 0 antiserum to full 
titre and a S. newporl 0 suspension was ogglutinated to full titre 
by an antiserum prepared against the organism. It was further 
demonstrated that absorption of S. newporl 0 antiserum by the new 
organism removed all 0 agglutinins to the homologous type and 
that S. newporl wa.s capable of removing all O agglutinins from an 
antisenim prepared against the new strain. This s!io«-ed that the 
somatic make-up was VI, VTII. 

The organism was in phase 2 on primary isolation, but it rvas soon 

J. wii. aicr.— voj. its „ 
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aijparent that it was naturally diphasic, and that a broth culture 
normally contained both phases. It was agglutinated by 5. hmlon 
phase 1 (Ir) antiserum, but Avhereas the homologous titre was 1 : 8000 
agglutination of the new strain occurred only to 1 : 4000, suggestini; 
that the two phase 1 complexes Avere not identical. But a scum 
prepared against phase 1 of S. dar es salaam (Iw) gave agglutination 
to full titre with the strain under investigation. Similaiiy, an anti- 
.serum to the unknown strain agglutmated 8. dar es salaam to full 
titre and it was showm that reciprocal absorption of agglutinins from 
the heterologous antisera by 8. dar es salaam phase 1 and the ncu 
type in phase 1 w'as almost complete. Thi,s e,stablished that the 
major phase 1 components w'ere Iw. 

Phase 2 w'as proved bj'- pure single-component sera to contain 
factors 1, 2 and 3. 8. neiD 2 wrt var. 2 ^'^^^'>‘lo-rico is permanently in 

phase 2, whose constituents are 1, 2 and 3, and the new organism rvas 
agglutinated to full titre hy an H antiserum prepared against 8. neu'porl 
var. puerto-rico. Conversely the antiserum against the new hpc 
gave agglutination to full titre with an H suspension of S. import 
var. puerto-iico. Purther examination showed that each organism 
W'as able to remove entirely the phase 2 agglutinins from the hetero- 
logous antiserum. Thus the phase 2 formula wms 1, 2, 3. 

The complete antigenic formula of this type is tlierefore YI, YIII 

. . . hv . . ---I, 2, 3 . . . It W'as isolated at Payed near the 

Creat Bitter Lake in Egy'pt and W'e suggest the name 8. fayed. 

Disctrssiox 

Generalised infection with organisms of the )Sahnonella group 
(excluding the recognised tj'phoid and paraty'jdioid types) is rare m 
comparison with the incidence of uncomplicated food poisoning. The 
commonest organism of this group to give rise to blood invasion is 
8. cholerce-suis. Harvey (1937), in a survey of cases reported up to 
that date, found that only 3*3 per cent, of cases infected with this 
Salmonella suffered from a general infection. The disease has a 
considerable case-fatality rate, and Harvey’s figures range from 
19 per cent, in his own series to 39 per ceirt. in a series collected from 
other sources. An illness of the typhoid type occurred in 62 per cen . 
of all the cases he studied, and the remainder showed localisation ni 
various sites such as lung, bone and joint. He cited one pro a e 
case of bacterial endocarditis caused by this organism; this « as 
originally described by Gouley and Israel (1934), but as the pa mn 
recovered, final proof of infection of the cardiac valves was lac ’ing. 

Patal bacterial endocarditis due to 8. cJiohrce-suis was ® 
by Porster (1939), Read (1939) and Goulder et al. (1942). 
these patients gave a history of gastro-enteritis and^ the po ^ 
entry was not apparent. Most of them showed evidence o 
existing damage to the affected cardiac valves. In the wo 
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reported l>y I'orstor, one patient slioned sypliUitie changes in tlie 
aorta and myocardium ; tlio other presented evidence of previous 
rhemnatio disease. The case reported by Read liad no apparent 
previous valvular abnormality, hut that of Goulder et al. allowed 
rheumatic changes. 

Septicremic infections with .>S’. enkrUidin liavo liccn repoitcci- 
They are not infrequently associated with meningitis, especially in 
infants (Outlirie and Montgomery, 11)30), and occasionallj' with 
choleoy-stitis. Baoterial endocarditis caused by tliis type docs not 
appear to liavc been recorded. 

S typhi is a rate cause of bacterial endocarditis, and Jfeyor and 
Howell (1938) demonstrated that S. paratyphi B was capable of 
giving rise to a similar condition ; evidence of previous ihcumatie 
endocarditis was found in their case, 

Tlic case described by us presents certain interesting features. A 
definite liistoiy’ of enteritis was obtained, cstabbshing tlio probable 
portal of entry. Blood invasion resulting in infection of the aortic 
valve occurred at an early stage in the disease, since the onset of tbo 
enteritis was on 3lst August 1945, and the diagnosis of bacterial 
endooartUtis was made on 29tU September. During this period tlio 
patient was constantly febrile. The common association of congenital 
deformity of the aortic valve and its subsequent infection was apparent 
in this case. 

Finally, tlie causal organism was a now type of Salmonella, wliioli 
was first isolated from the blood after the initial enteritis had subsided. 
It IS noteuortliy that iS, fayed was grown in pure culture from both 
the blood and the splenic abscess, thus indicating that it was the solo 
infective agent concerned, 

SojmAKY 

A description is given of n fatal case of baoterial endocarditis 
caused by a new type of Salmonella, S. fayed. This oiganism baa the 
antigenic formula VI, VIII . . . Iw . . .< s.1, 2, .3 . . . 


RnFEnExca:.s 

FonsTLii, D. E, . . . jnsc. Amcr. J. JM. .Sri., evovn, 234. 

GouLDpn, X, E., Kinoslasd, 1942. A’cw Bim!. J. iUcih. ccvvvi, 127. 
JIauomiet F., and .Tantwat, 

C. A. 

Goulw, E. a., vnd Isrsfi,, S. L. ' 1934. Arch. Int. Mcil , !»!, 009 
OUTHRIF. KATtcsRivn ,T., AND 1939. Tins Joiimnl, \1K, 393 
MONTf.OMKRV, G. L. 

HAinm.A, jr. 1937. Arrii. 7 tU. M«f., Uv, 118. 

ilEvitt. .T., .wn Howfu. 1938. Arcli. Poft., vwi, 308. 
Kathabink M. 

Rpad, C T. . .... 1930. J . Inf. Die , Kv, 203. 




6i6 . 36—002 , 4 : 615 . 92—099 {feclcnuim) 

LIVER ATROPHY PRODUCED BY CHRONIC 
SELENIUJI INTOXICATION 


G K Ca'^ieron 

i rom the Lxjx'rimefitai Station, Porton 

LXXUI) 


Tiif iccent (lescuiition b) Earle» Smull and Victor (1!)42) of ]nor 
atrophj’ uncomplicated neciosis or fibrosis in rats fed ^\ith c\cc&si\o 
amounts of dl mcthioiuno eucouiages me to desenbo some experiments 
carried out in 1940 ubich bear on this inteiesting topic Wiidsfc 
attempting to produce li\ cr cirrhosis with gelcmmn salts, I encountered 
a pure foim of h\er atrophj, confined to the right Jobes and associated 
witJi hj'portropJi) of the left Jobes, tlio organ assuming a distorted 
and sometimes bizanc shape 


l^IiTiions 

Eighteen iniUo albino nits, a%troi,o\%oight ]85g ,vcro given tuito wccKIv sub 
cutaneoiisdoses of sodium selentto asiv 0 Ijwrcent aqueous solution fop a period of 
UOdajs Ihe initial dosage was 1 0 mg /kg bod> weight Tins was meronsed 
from time to tune until towards tJio cml of tlio oxpernnont tJio twoho «ur\ Ivors 
were tolerating 12 mg /J%g Since 3 5 mg /Jig is the I-t>so for singlo arlrnmistru- 
tions, it IS obvious that a tolerance Jmd been acquired and tJio animals vvero 
existing on doses equivalent to more tlmn three times a fatal dose It cannot 
bo said that such tolerance was romjiloto for nil Jmd descended to a level of 
bodj weigJit much lower than their initmJ JienUJi^ level and presented signs 
of chronic intoxication Tliroughout tlio cx}>eninentnl period, tlio rats were 
maintamed on a laboratory diet ofRowott Institute cubes (J Jiomson, 1936) given 
in unlimited amount, and of which they ato voracioasly A control senes of 10 
rats receiving the same Kind of food grow steadily throughout the sumo pencil 
All rats were kept m wire cages in groups of 5 or less Strict asepsis was 
maintained with the injections and m one ammnl only was there sejisis 111 tlie 
injected areas 

Injections were stopped at tho end of 140 days and 0 nnimals wei-o allovved 
to survive for a further GO days 

Body weights were recorded at regular intervals and tho means for the 12 
survivors are sliown m fig 1 Tliero was a remarkably steadv behaviour in 
all instances A careful autopsy was made on each animal, followed by a 
jnicroscojiicttl esamination of paraffin embedded material stained with Ehrhcli s 
noid hiematoxyhn and eosin, Weigcrt’a iron liTinatoxylin and -van Gieson, 
■Mallory’s nnihno blue metbod for connective tissue and Gomdn's reticulum 
method, together with fat staining of frozen sections, from heart, Jungs, liver 
j vsrn BiCT— >01 iix 5S9 2 It 2 
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of the Iioison cmiilovcd at that period. Witiv cessation of injections 
tlie temaining aniniivls steadily gained in neiglit. A stiiUing featiiro 
during tiic period of rrciglit loss was tiio enormous appetite of tlie 
animals. Cleaily, loss of neiglit cannot be attributed to starvation 
in the sense of failiue to cat. Some metabolic disturbance seems to 
bo indicated, but I have no idea niuit this may be. Loss of fluid 
n ith dehydration cannot bo the main factor, fot diarrluca was present 
in two animals only and then only toss-ards the end of the eouisc. 
Water was available to all the tats but none exhibited almormal thirst 
during the daytime. 

Skin disturbances, with dijness, scalincss and falling out of Iiair, 
were prominent, large patches of skin becoming bald as the intoxication 
developed. Some yelloivisli-bioffn pigmentation of such areas was 
noticeable. Bone lesions were not apparent. - 

The chief patboiogioal findings weic localised liver atropliy, 
atrophy of tlie spleen and to a less extent of tlic sex organs and 
thymus, occasionally of tlie smail intestines. The otlier organs were 
normal. Ascites was not found but pleural effusion occurred in fatal 
oases The liver changes were liy far tlie most strilcing, tlio organ 
being distorted, often witli largo liyiieitropliied left lobes, Riirnnken 
tight lobes, a smootli pale surface and roiindcd edges. Some examples 
of tills aie sliown in fig. 2. In two animals dying after 101 and 
118 dajs, tlie liver looked like a huge heart through downward 
liypertrophy of the left middle lobe and almost coiiipleto atrophy of 
the other lobes. The eapsnle in some xvaa thiehened and in '.V eases 
vasonlarised adhesions between the inferior mnigin and an adjacent 
loop of gut existed. Tliorc was no mncroscopical evidence of liter 
necrosis or fibrosis and tlie bile passages weie normal. Tlie organ 
was firm, tiiougli pliable and cut easily. Microscopical examination 
of tlie liver failed to disclose any patliological clmngc except atropliy 
of liver celis in tiie affected lobes, togctlicr witli hypertrophy of tlio 
cells in the other lobes. Jfoasiircmcnt of 1000 liver cells from niicro- 
scopioai fields selected at random fioni atropliic areas disclosed con- 
siderable slirinkago as compared with cells in noimal control livers. 
Nuclei were also smaller, often witli variation in their staining ; 
sometimes they weie pyknotie. No fnt was present in the liver cells 
except in one lat wliicii died on the llBtli day. Bilo ducts and blood 
vessels were normal The thickened capsule’s showed collagen fibrils 
with very few cells. The portal canals wore closer sot than normal. 
One animal presented a little condensation fibrosis spreading ontw'ards 
from some of tlie portal canals. Atropliydng lobes tended to fuse, 
their boundaries being indicated by the fibrous capsules only. The 
hypertropliied lobes contained numerous large colls witli large nuclei 
scattered throughout the lobules in no recognisable pattern, but mitotic 
figures were not numerous. 

The spleen showed atropliy of lymplioid tissue, witli small 
Malpighian liodies, some thickening of the capsule, a little increase 
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in pulp fibrils and often much iron-free pigment. There was no 
necrosis and no vascular lesion or hsemorrhage. - The portal and splenic 
veins vere carefu% dissected but presented no abnormality. The 
infrequentljr occurring changes in the sex glands and intestines 
appeared to be those of simple atroph 3 '. 


BiSCUSSIOis 

Repeated subcutaneous administration of increasing amounts of 
sodium selenite to rats has been accompamed bj’- cessation of giwtii 
and loss of weight, sldn changes, strildng atrophj’^ of the right lobes 
of the liver with hjqjertrophy of the left lobes, a slight to moderate 
degree of atrophj^ of the spleen and inconstant atrophj' of the sex 
glands. Food intake was well maintained despite the intoxication, 
and fluid loss bj'' the excretory routes was not excessive. In some 
cases death occurred. Discontinuance of the toxic agent led to 
recover.y. 

The liver changes are interesting, for they suggest a true atropliy 
localised to particular regions of the organ and are presumably the 
result of intoxication with a selenium salt. Atrophies resulting from 
chemical action must be rare and so far as I Imow are not listed 
amongst the usuallj’- accepted causes of this condition. It is worth 
while considering whether the liver atrophy is due to the poison. 
The most obvious suggestion is that it is a nutritional effect, for 
wasting of the liver sets in fairljr quickly’’ and may become pronounced 
Avhen there is starvation and malnutrition (Jackson, 1925, 1929 a and 6). 

rats were maintained on a diet xvliich control experiments showed 
to be adequate for growth and health. Moreover, the experimental 
rats display'^ed no loss of appetite : on the contrary, they ate ravenously 
and disposed of large amounts of food. At autopsy their stomachs 
and intestines contained much food residue. It is possible, of course, 
that absorption may have been interfered Avith or metabolism 
impaired. The fiver atroirhy, hoAvever, is of a tyqre different from that 
usually described with inanition, for its localised character contrasts 
xvith the generalised wasting which apparentlj’’ develops in star\ ation. 
Rather it suggests the action of a poison, either selectively on ic 
fiver cells or localised because of territorial differences in 'sascu ar 
distribution in the fiver. Glymn and Himsworth (1944) have recen ) 
discussed the latter question and liave brought forward evidence m 
its support. impression is that similar factors may’ be 
in these experiments with selenium. The enlargement of the le t o e 
of the fiver is most readily’ explained as a compensatory hyTCi rop 
In the early stages of intoxication atrojrhy’ appeared to 
pronounced than hypertroirhy’. However, in one rat all ° . 

the fiver were hypertrophied after 140 day’s’ treatment, ^ 
weighing 10-8 g. as against a mean fiver weight of 7-0 g- 
rats of the same body’ weight. The absence of necrosis anc i 



1 ITJI 15 vex —A 01. UV 


l’i:.\TF lyXXIII 


JiAT tlMUb IS CilROMC SrLl MUM iSTOMtVTlOV 



C 


f7 



c 

Fiti 2 — Atropine Uvers from fj\e of ttwr\iMng rots UiUul after 140 Uivys 
shoeing shriinl^en right nnd I/irgo Jiypei tiopJued left lobes Vono of theao 
h^ era sbon* fibrosis jnicroscopiculli Katucal biKj 




OBROma SELESWM INTOXIOATIOX B43 

associated witli the fact that acute sodium selenite poisoning does not 
lead to liver necrosis, inclines me to the vieu’ that there has boon a 
steady, localised wastage of liver colls rather than an 3 ’' massive 
destruction and that this in time has brought about gross atrophy. 
Wliether such a wastage is the result of direct injury of liver cells 
whereby they no longer grow or are not replaced when they die off, 
or whether it is the sequel of .some obscure metabolic disturbance 
cannot bo answered with the available information, but 1 am inclined 
to support the first view. 

It is now known that the .selenium of chronic poisoning o.xiats in 
combination with tlio tissue proteins, especially the globulins of the 
plasma and liver (Smith, Westfall and Stohlraan, 193S ; Westfall and 
Smith, into), as well as non-protein compounds containing sulphydril 
group.s. Some .selenium compounds, including sodium selenite, dcstroj* 
certain oxidation cataly.sts (Bernheim and Klein, 1941), especially 
succinoxidase, the dehydrogena.se part of the enz.mne which contains 
—SH groups heing inactivated. Selenite also inhibits the respiration 
of tissue slices of brain and liver (Wright, 1939, 1940). An acceleration 
of ox.vgcn uptake precedes inliibition in the liver and aerobic gI}’Col.vsis 
increases. Po.ssibly through these distnrbanccs liver-cell growth is 
interfered with and atrophj" follow.s. On the other hand, various 
investigators have described lasions of the alimentar.v canal (see 
review bj- Moxon and Rhian, 1943) wliich disturb food absorption. 
Such changes were not impressive in my rat.s and were late in 
developing. The moderate degree of atrophy of the spleen might 
verj'- well ho the result of the liver changes. 

This selenium atroidij- differs from the form of atrophj' attributed 
to excess of dl-mctiiioninc (Earle ct of.), wliicli maj' develop after a 
few day.s’ feeding witli methionine, and scorns to be a general .slirinkago 
of the liver from extreme atroph.v of widelv- distributed liver cells. 
As witii selenium atrophy, there Is neither necro,sis nor degeneration, 
fibrosis, bile duct proliferation nor janndice. The spleen shows fewer 
JIalpigbian bodies and fewer pulp ceils, with condensation- of pulp 
structures. Sometimes there is atrophj- of the kidnej’s. Loss of 
weight, too, is severe. Earle el al. .suggest that the liver atropliy 
may he a reaction to increased metabolism consequent on motbionine 
feeding, wbicli tlie.v have demoii-strated in the excised liver of dl- 
metiuonine rats: Of course, some eirailar explanation might apply 
in the ease of sodium selenite, but it is idle to speculate at the present 
iuncture. 

In recent 5 'ear.s miicb investigation of the toxioitj' of selenium and 
its compounds has been carried out in connection with “ allrali disease ” 
in cattle and sheep. This appears to be due to traces of selenium in 
indigenous grains and forage and is eharaoterised by erosions of the 
weight-hearing hones, abnormalities of the hooves, strmting of growth, 
lo.ss of body hair, impairment of reproductive power and severe 
anaimia. Pathological changes include necrosis and regeneration of 
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liepatic tissue, extensive periportal Hbrosis and cirrijod,' 

combined with hjemorrhages and secondary inflammation in % 
kidneys (Stenn, 1036 ; Painter, 1941 ; with reviews of tlie literature'^ 
Moxon and Rhian, 1943). Pranke (1934), Pranke and Potter (1931) 
LiUie and Smith (1940) and Smith et at (1937, 1940) produced c.xtensive 
liver necrosis and eventually nodular regeneration and cirrhosis bv 
feeding rats with selenium salts, especially when the diet was poor 
in protein. Ascites and pleural ejBFusions were common, jaundice 
developed, and degeneration in the thjmms and sex organs was seen. 
This liver picture is in contrast to the one I have obtained bv 
administering sodium selenite subcutaneousty. Nevertheless it would 
appear that in both cases there was extensive liver-cell injury the 
difference being one of extent and progress of damage. In my animals 
the process was spread over a relatively long period, a few cells at a 
time being destroyed Eventually the cumulative effect of this led 
to considerable atrophy, the animals dying ip some instances, while 
in others compensatory- Jij7)ertrqphj of unaffected liver 
preserved the life of the animal. So far a.^ I can tell from the 
descriptions, in the feeding experiments much larger tracts of liver 
were suddenly destrojmd and a different pathological entity arose. 
It is possible that the difference might he the result of variations in 
the amount of selenium acting on the liver cells. With feeding 
experiments, presumably, absorbed selenium salts are carried toctly 
to the liver by way of the portal oirculatioii ; with subcutaneous 
injections considerable dilution and loss by adsorption may occur 
during their circulation through the lung capillaries, while only a 
portion of the selenium-containing blood thereafter passes directly 
to the liver by way of the hepatic artery, a great deal having to 
circulate through another set of capillaries before returning to the 
liver tlirough the portal vein. Whatever the explanation of the 
divergence, an interesting contrast is afforded in the production on 
the one hand of pure liver atrophy and on the other of severe lacr 
necrosis passing on to cirrhosis following prolonged administration o 
the same poison by different routes. 

SUMJIAKY 

Simple atrophy^ and hypertrophy of the liver without fibro-ds 
recorded in rats receiving steadily increasing subcutaneous ° 
sodium selenite. Tolerance to selenium resulted in the course o ^ 
experiments. Reasons for this curious behaviour are discusse . 

I am indebted to the Director-General, Scientific Ttfesearch and Develop 
Ministry of Supply, for permission to publish this paper. 
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EXPERIMENTAL SERUM CARDITIS AND ITS 
RELATIONSHIP TO RHETOIATIC EE^USR 

E. Elohence McKeowk 
Imlitutc of Pnlhology, Quern's VnivcrsUu, Belfast 

(PtJVTES LXXI\'-LXX\T1) 

The continued failure to isolate any organism wliich is acceptable 
ns the cause of acute ilieurantio fever lins led to the development of 
various hj^otheses as to the pathogenesis of this disease. Amongst 
these, much stress has been laid upon a possible nllcrgio mechanism. 
Jlenzer (1902) was one of the earliest rvorUers to suggest that rheumatic 
fever was the result of reaction in n predisposed person to various 
miorobes, more especially streptococci. Yaubol (1932), Klingo (1933) 
and Jungban-s (1933-34) sensitised rabbits •with small doses of horse 
Bonim by various routes and claimed they had thereby produced a 
cardiac lesion in every way similar to the specific lesion of rbeurnatic 
fever. Aschoff (1935), however, denied that any experimental lesion 
so far produced had succeeded in duplicating the morphological 
structure of the ihcrrnrntic rrodrrle. In spite of this pi onormcement the 
allergic theory has not been discarded. 

It has been noted that scrum sickness often produces signs and 
symptoms resembling those of acute rhciiniatio fever, and in two 
fatal cases Clark and Kaplan (1937) reported cellular infiltrations hr 
the heart composed of mononuclear histiocytes and shorviiig a similar 
distribution to those seen in rheumatic carditis. The occasional 
occurtonce of polyarteritis nodosa as a complication of rheumatic 
fever has been reported by Ericdbcrg and Gross (1934) and others. 
Recent observations by Rich and Gregory (1943) and by Rich (1945) 
have demonstrated that polyarteritis can be the result of sensitisatioir. 
Hence this association of diffuse arterial lesions with rheumatic 
carditis assumes importance and suggests that sensitisation may play 
a part in the rheumatic process. However until the specific rheumatic 
lesion is produced expel imentally, and especially by bacterial sensitisa- 
tion, the allergic hy-pothesis cannot be accopted without reserve. 

The most interesting e.xperimental work along these lines was 
carried out recently by Rich and Gregory (1043). Whilst engaged in 
the study of experimental polyarteritis nodosa these workers observed 
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cardiac lesions in the sensitised animal which they claimed showed 
many of the histological characters of the specific rheumatic gramiloiua 
In view of the many previous hut unsatisfactory claims of variots 
workers and of the importance of Rich and Gregory’s findings, it Wes 
considered desirable to irerify and if possible extend their observatiois. 


EXTKimrESTAI. VKOCEOtTRE 

Eighteen rabbits were given un intravenous injection of 10 c.e. of horv 
serum per kg. body weight. A ftirtber eiglit animals received a similar mount 
by intraperitoneal injection. Tiie animals were observed closely for the oeew- 
rence of cutaneous flushing, 'fins was note<l in the ears of the rabbits from tiie 
12th to the 14th day and was accompanied by a rise in temperature. At tlii' 
time a skin test was performed and found to be positi\'e. On tlie I'tli day 
foUowmg the fii-st injection of serum the rabbits were given an )ntraveim< 
injection of 1 c.c. of serum to absorb circulating antibody. Two days later tt' 
initial largo rlose of serum was repeated and ail animals were lulled one ttkI 
later, that is, 26 days after the first .serum injection. It is believed tlmt this 
procedure establishes in the experimental animal conditions similar to tliose 
obtaining in serum sickness in man. 


Results 

The vascular lesions to he described resulted after one injection 
of serum, but were more fulminant and widespread in the animah 
receiting the second large dose. The results were equally snecesM 
whether the intraperitoneal or intravenous route was used for the fiiat 
injection. A study of the healing lesions was also made, the nniinah 
being killed at var^dng intervals after the second injection. In a 
further group of animals repeated injections were given at f-ws'} 
intervals over a period of 8 months. 

The arterial lesions, wliich were present in 88 per cent, of t e 
experimental animals, resembled closely those of polyarteritis noc osa- 
The vessels most frequently involved were those of the coronat) 
system hut sometimes there was an accompanjdng arteritis o ^ 
pulmonary, hepatic, renal and gastric vessels. The cardiac esion. 
are described first. ^ 

Coronary arteries. Tlie whole coronary sj'stem was affeete roffl 
the main A'essels to the smallest arterioles. The first morpho og® 
change was cedema of the media, with swelling of the muse e ^ 
and loss of nuclear definition. The whole arterial wall became swo 
and homogeneous and the lumen reduced in size. There was 
accompanjdng perivascular oedema. _ . . Iij 

This was followed hy inflammatory infiltration ant ' 
necrosis of the vessel wall. Frequently the entire circum 
involved, but sometimes only a segment, or the inner or on er 
There was an accumulation of fibrin beneath the endotlie mm a 
overljdng endothelial cells became swollen and prominent. . 

As necrosis of the media proceeded it assumed a brig j^. 

appearance and stained positively for fibrin. The penar 
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fiamniatory reaction wliicli dovclopetl simultaneously was present c\ on 
when the media showed hydropio change alone. Polymorphs and 
eosinophils appeared in laige numbeis in tlio adventitia. Sometimes 
they remained confined to this coat hut frequently extended to the 
media and suh-endothelial layers (fig. 1). The polymorphs gradually 
gave way to large mononuclear cells. These .suirornrded and infiltrated 
the vessel and acre accompanied by lyinphooj-te.s and mononuclears, 
alrich last showed the nuclear oharnefets described by Anitschkow 
and aero much larger than any of tire otiier inflammatory cellb„ 
Their cytopla.sm a-as basophilic and their nuclei acre toirnd or 
oval, a-ith aell marked nuclear membrane. Mtrltinucleated fornts acre 
present (fig. 2). Lymphocytes, red cells atrd mortomrclenrs, aith a 
varying amount of clear firtid or fibrin, nccrrrnrrlnted beneath the 
cttdothelium, brrt throrrrbosis a ns rrot observed ttor did nncurvstrral 
rlilatatiorr occur, although in rrrarry vessels the couditrorrs rrccessary 
for its derclopmcnt seemed to bo present, 'fho aouto ])hnse a as 
present from the 4th to tire I2th day after the second rrrjectiotr of 
horse serum. 

The inflammatory cells gradually disappeared artil after the 
14th day fibrinoid necrosis of the media was not ootrspiouons. Lympho- 
cytes persisted iit the advetrfitia nrtd Atrtt.sohkoa' cells in the media. 
No vasoularisation of the vessel a-ns obseia’cd brrt healing took place 
bj’ fibrous replacement of the necrotic rnttBclo. Tiro rc.srrlting sear 
was itsually patoby in its distiibrrtiorr and svas aell demonstrated 
by mcatrs of stains for collagen. Irv strclr vessels tlicre a’as sonretimes 
an absence of muscle nuclei tluorrglrout tire entire rrrcdui. Frequently 
the intrma a'as tliiokcncd by cclhrlnr conrreotivc tiasue nrrd tlie 
adventitia sltoa cd fibroblastic prolifer at iotr. 

Finally complete healing occtincd. Material for the study of tliis 
stage a'as provided by the .series of aitimnls alrich were killed at 
increasing intervals after the .second serum injection. It a-as found 
that healing a'as genetully established by the end of the first rrroirtb 
after this date. The end result a-as cxteirsrve fibrosis of tiro cororrary 
vessels a ith a varying degree of pertvascrtlar scarring depending on 
the extent of the periarterial lesion. Intimal fibrosis a'as oft err a ell 
developed. Even more marked a'ere tiro arterial changes obsetwed iit 
atrimals wlrioh had been given repeated largo doses of serum. Previous 
damage had resrdted in almost complete medial fibrosis and thiokerrirrg 
of the adventitia, while a superimposed acute inflammatory reaction 
indicated a more recent assault. The vascular lesions were accompanied 
by exteirsive myocardial fibrosis. 

Myocardial Aechoff-likc. lesions. Small gramdomatorrs nodules 
were frequently found in relation to the coronary arterioles and 
occasionally in the interstitial tissues of the myocardium without 
apparerrt relation to the blood vessels. Most often they occurred in 
the adventitia of the vessels, lying generally in the axis of the inter- 
stitial septa and extending distally along them. They appeared 
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concomitantly with the vascular lesions, but quite often were found 
in relation to a vessel which showed no damage to media or intima 
The nodule in its mature form bore a close resemblance to the 
Aschoff nodule of rheumatic fever and appeared to pass through a 
similar evolution (fig. 3). The first stage was the occurrence of small 
areas of paravascular necrosis of connective tissue. Sometimes these 
formed small discrete lesions well removed from the adventitia and 
surrounded by polymorplxs which were eventually replaced by focal 
accumulations of large mononuclear and multimicleated cells of the 
Aschoff type, like those in the arterial lesions (fig. 4). However, the 
infiltration was not diffuse, the cells being grouped about a fofcus of 
swollen degenerated collagen fibrils and sometimes forming a rather 
palisade-like border (fig. 5). Lymphocjdes, eosinopbils and Anitschkov 
cells were present in the periphery of the nodule. In one instance the 
cells comprising the nodule underwent polarisation, becoming elongated 
and resembling closely a healing Aschoff nodule (fig. 6). In general, 
however, the end result was paravascular scarring, but not of the 
fibrillar type fomid in rheumatic fever. 

Endocardium. Here again the earliest change was necrosis of 
collagen, individual fibres becoming swollen, eosinopliilic and frag- 
mented. The fuUy developed endocardial lesion was an Aschoif-likc 
nodule, histologically identical with the myocardial lesion (fig. 7). 

The second type of endocardial lesion closely resembled tiiat 
described by Pappenheimer and VonGlahn (1927) in rlieiiraatic 
endocarditis. Overlying a sub-endothelial band of necrotic collagen 
were palisades of proliferating cells, several layers deep, com- 
posed of lymphocytes, spindle-shaped cells, large mononuclears and 
polymorphs, replacing the surface endothelium and projecting into 
the lumen. 

Thickening and fibrosis of the endocardium occurred as these 


acute lesions healed. 

Valve ring. Lesions of the mitral vmlve, valve ring and angle were 
often present, even in the absence of myocardial changes. The aortic 
and tricuspid valves were similarly but less frequently involve . 
The pulmonary valve showed no specific lesion. The earliest 
was oedema of the coimective tissue of the valve ring, followed J 
increased vascularity and diffuse inflammatory infiltration (“S- '• 
In the more specific lesions large mononuclear cells o ^ 
Aschoff type were present, either difiusely or focally 
damaged collagen. The character of the Aschoff cells was wclU e e 
in these ring lesions. Frequently each cell contained 4 or a nuc^^ 
arranged centrally, which were often so large as to fill the ^ ( 

The cytoplasm stained dark blue with hsematoxylin an a 
indefinitely into the background (fig. 9). . 

As the inflammatory reaction subsided, new 
and healing took place with the formation of a loose cel u ar 
tissue which later became hymlinised. 
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< 1 . 1. — Knbbit: coronary artory, showing pnn*artontw. 
H and E X 70. 


jpr.; r. j-'**." /■’ 

Fjo, 2.— Aftcnti't, filiowmg infiltration of vessel 
wall by Ijmpbocytos and deeply staining largo 
mononuclear colls, aNo perivnsculor mflnra* 
loatory reaction wnth Aschoff nodiilo nt each 
polo of vossol. H. and K* X200. 




t 3 — Mvorardml nodule composed of aggro- 
tion of mono and multujucleated cells, 
vth peripliernl /one of lymphocytes H. 
^>dE. X290. 


Fio. 4 . — Paravascular nodule, showing focus of 
damaged collagen at one polo of \cssel m- 
filtrated by Aschoff colls. H. ondE. xl75.^', 
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FiQ 5 — AachofT nodulo, sljon ing cells formmg 
R pahsado hko border around a centra! 
zono of necrotic collagon fibrils. H. ami 
E. X275. 



Fio 0 — JfotbiJo nboumg polftnsation, multJ* 
nucleated colH becomms elongated and 
tending to Jio an parallel lines. H. and B. 
x2?5. 



Fin 7 —Subendocardial Aschoff aodule, 
ahoamg accumulation of chnractenstJC 
cella Noto proliferation of overlying 
endocardial cells. H. and E. H260. 



Fio. 8. — Valve ring noio ^ ed inflam* 

matoi^’ infiltration with polymorphs, eosino* 
phiis and Anitsclikow cells. There arc two 
Aaclioff nodules immediately adjacent to tho 
BwoUen. endocardial cells. H. and E. x 100. 
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Valve angle. Lesions in tliis 'position ■svcre usually associated with 
an underlying ring lesion. The endocardial cells beoamo swollen and 
prominent, proliferation occurred and largo surface projections of 
deeply basophilic spindle cells were formed. These often formed a 
palisade at right angles to the surface and for a time remained covered 
by intact endothelium (fig. 10). Areas of necrotic collagen were often 
seen between the proliferating celts. In the second type of valve-angle 
lesion, Aschoff-like nodes occurred just beneath the endocardium. 
Their presence here led to desquamation of the surface endothelium 
and •mis associated with a diffuse inflammatory infiltration. 

Valve. In the early stages the valve leaflet became swollen and 
diffusely infiltrated with polymorphs, Anitschkow colls, lymphocytes 
and eosinophils. Connective tissue cells appeared swollen and the 
ground substance assumed n granular appearance. Necrosis of 
collagen also occurred, usually in the fibrosa and auricular layer of the 
spongiosa. The characteristic Asohoff-like colls accumulated in 
nodule formation and vascularisation of the valvo was observed, the 
small capillaries being accompanied by non-specific inflammatory 
cells (fig. 11). When the nodule was more closely related to the 
surface of the valvo, proliferative changes were observed in the over- 
Ijdng endocardium, the endothelium becoming elevated by largo numbers 
of inflammatory and large mononuclear cells arranged in a palisade 
at right angles to the underljdng zone of damaged collagen (fig. 12). 

When necrosis of collagen involved the surface of the valve, the 
endothelium was replaced by bright eosinophilic material in the 
base of which were large mononuclear colls of Aschoff type (fig. 13). 
Occasionally nodular vegetations formed which projected from the 
surface and were covered by a layer of necrotic endocardium. 
Deposition of platelet thrombi on these lesions of the valve surface 
was not observed. Healing of tho valvular lesions occurred, with 
vascularisation and fibrosis, and this was most marked in tho animals 
which had received repeated injections of serum. 

Aorta. Intimal proliferation of cells was frequently observed. 
The sub-endothelial tissues were diffusely infiltrated by lymphocytes 
and polymorplis. Occasionally the endothelial cells appeared to 
proliferate, becoming multinuoleatcd and deeply basophilic and 
projecting above the surface. Intimal change was usually secondary 
to eosinophilic swelling of the underlying collagen fibrils. As healing 
occurred, intimal fibrosis was observed. No gross lesion was noted 
in the media apart from hydropic swelling of the muscle fibres. The 
adventitia and vasa vasorum were normal. 


Vascular lesions in the viscera 

Lungs. The vessels here occasionally showed periarterial in- 
flammatory infiltration with polymorphs and eosinophils. Similar 
ceUs were also observed in the media and occasionally there was 
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sub-endotlielial accumulation of lymphocytes, nionoc 3 'tcs and red 
cells, while the underlying media was hydropic (fig. 14). Fibrinoid 
necrosis of the vessels, however, was not observed. 

Liver. The vascular lesions were identical with those oeenrrin'’ 
in polyarteritis nodosa. In one animal almost everj’- arterj' in the 
portal tracts was affected and every stage of the process was observed. 
There was early fibrinoid necrosis of the inner or outer third of the 
media, with or without an inflammatory reaction, which, when 
present, consisted in an infiltration of all coats bj' poliTnorphs, 
lymphocytes and eosinopliils (fig. 16 ), This was accompanied by 
proliferation of the sub -endothelial tissues, with occlusion of the 
vessel by this mechanism or by thrombosis. In lesions of longer 
standing the inflammatory cells were chiefly mononuclear and healing 
took place by fibroblastic proliferation. Eventually the necrotic media 
was replaced by connective tissue. Re-canalisation of occluded vessels 
was seen and in the completely healed lesion there was e.vtensive 
fibrosis of the portal tracts, radiating outwards from the adventitia 
of the affected blood vessels. 

Spleen. Vascular lesions of polyarteritis nodosa type were 
encountered in the central arterioles of the Malpighian bodies. The 
vessel wall did not undergo actual necrosis but the muscle cells 
became sw'oUen and their nuclei prominent. The adventitia was 
infiltrated by polymorphs, eosinophils and mononuclear cells, which 
stood out in contrast with the lymphocytes of the adjacent Malpighian 
body. The lesion was a true periarteriolitis, and as healing occurred 
periarteriolar fibrosis resulted. 

The lesions thus far described are representative of those foun 
elsewhere in the experimental animal and a detailed description o 
these is unnecessary. It is suflScient to state that among other ) esse * 
occasionally involved were the gastric, vesical and uterine arteno cs. 


Discussion 

These results show that sensitisation of rabbits by a bland 
protein can produce a series of lesions confined to the carcuo-va 
system and that such lesions have a specific histological struc ure ^ 
a specific distribution. In the heart the earliest lesion 
a focal necrosis of collagen. ' These focal necroses are oun i 
paravascular tissues, the interstitial septa of the myocar lum “ 
fibrous tissue of the valve ring and valves themselves. 
with this necrosis there develops an inflammatory reac mn ® 
in the acute phase, of polymorphs and eosinophil j and 

eventually replaced by large mononuclears of peculiM c 
by Anitschkow cells. Whilst it is of much interest a a 
produces a lesion of this type and distribution, the unpor a jj 

is to determine whether or not this serum lesion is 
reduplication of the rheumatic granuloma. 
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In a previous paper (McKeou-n, 1915) the evolution of the rheumatic 
lesion has been studied in the human material available in this 
Institute. The primary lesion appears to bo a focal necrosis of 
collagen, followed by emigration of polymorphonuolears and cosino- 
phU.s. These soon give way to a focal aggregation of largo mono- 
nuclears, some of which maj' become bi- or multinueleated. Such 
lesions are found in the valves, valve rings, endocardium and inter- 
stitial septa of the myocardium. The necrosis of collagen in these 
specific sites is of the greatest importance in determining the subsequent 
evolution of the rheumatic process, and the variation in the histological 
characters of the fully mature lesion is duo, not to alteration in the 
tissue response, but to certain modifications dictated by the site of 
the lesion. 

In the experimental animal, lesions which boar a striking 
resemblance to the Aschoff nodule arc present in the paravascular 
tissues in the myocardium. The large mononuclear cells infiltrating 
and surrounding the focus of necrotic collagen are similar to those of 
the Aschoff nodule. Their cjdoplasm stains red rvitli methyl green- 
pyronin, their nuclei are characteristic and occasionally multinuoloated 
forms occur. Nuclei witli the characters of the Anitschkow cell nucleus 
are also present. Hence in histological stTOcture and in site the 
experimental lesion is identical with the specific granuloma of the 
naturally occurring disease. 

The analogy is further supported by the occurrence of endocardial 
and valvular lesions of similar nature. All degrees of valvulitis are 
present in the experimental animals and in some this is tho only 
manifestation of a serum lesion in the heart. Whilst sections of all 
four valves were examined, tho scrum lesion was found most froquently 
iu the mitral valve and in no case was it observed in a pulmonarj- 
leaflet. Whore tho necrosis of collagen is deep in the substance of 
the valve the cellular infiltration and subsequent evolution of the 
lesion are identical with those seen in rheumatic fever. When the 
necrosis is more superficial tho necrotic collagen appears to be 
extruded on to the smfaco of the valvo as a vegetation, or to stimulate 
a marked proliferation of tho overlying endocardial and immediately 
sub-endocardial cells so that thoro is a close resemblance to tlie 
palisading of cells so often seen in the human valve. As in rheumatic 
fever there, is involvement of the valve ring and in the mitral of the 
valve angle also. Analysis of these valvular lesiotrs shows their close 
identity uitli those of rheumatic valvulitis — the frequent involvement 
of the mitral valve, tho focal nature of tho mitral lesion and the 
similarity in type of reaction. Every stage of the whole process finds 
its parallel in tho evolution of rheumatic valvular disease. Even 
endocardial lesions other than valvular were most marked in the 
posterior wall of the left auricle. 

Einally, a study of the coronary arteries showed that these are 
implicated in precisely the same manner in the experimental animal 
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as in rheumatic fever. Kbrinoid necrosis of the media vith an acute 
inflammatory infiltration of all coats is frequently observed. Even 
in their more specific characters the vessel lesions are identical, ktce 
mononuclears of Aschoff type infiltrating the adventitia or occurrinj 
within the vessel wall. As healing occurs, medial fibrosis develops 
as in healed rheumatic arteritis. These analogies in site and qnalitv 
of the lesions strongly suggest that hypersensitivity is tlie essentia! 
mechanism in the production of the rheumatic lesion. 

This leads to a consideration of the possible factor responsible for 
sensitisation in acute rheumatism — ^its nature, origin and mode of 
action. At present we can only surmise that it is probably the product 
of micro-organisms. Lichtwitz (1944, p. 32) believes that in most 
instances “ a sort of bacterial fifth column enters the bod.v, finds 
lodgement in an unsuspecting place such as a sinus or tonsil, and 
from that focus sends out antigens which disorganise defence and 
create sensitization An organism which may play an important 
part in this role is the bseznolytic streptococcus, in view of the frequent 
occurrence of streptococcal infections of the upper respiratory tract 
preceding an attack of acute rheumatic fever. This view is strongly 
supported by the work of Cobum (1931), who has shown that during 
an attack of acute rheumatism the patient is hypersensitive in an 
anaphylactic manner to the products of the haemolytic streptococcus. 
In the course of this experimental work attempts have been made to 
sensitise animals with large intravenous doses of killed hasmolytie 
streptococci, so far without success. So, although most clinical and 
serological observations tend to incriminate the haemoljdic strepto- 
coccus, complete proof is stiU lacking. 

There are always two aspects which require consideration in any 
disease process, first the setiological agent concerned, and second the 
reaction of the body to its presence. In other words, the specificity 
of the rheumatic response may depend not entirely on the character 
of the infecting organism but perhaps also on some indiridua 
reaction of the rheumatic subject, or some peculiarity of the vnscu ar 
mesenchyme. Such a conception would help to explain « 
characteristic distribution and nature of the rheumatic process on 
an anaphylactic basis. But before the anaphylactic mechanism can 
be accepted as the essential factor in the production of the 
state, its exact relationship to the rheumatic process an^ 
importance of micro-organisms as the probable means of .s'ensitisa 
will require further elucidation. 


COXCLUSIOXS 

From these experiments it seems justifiable to draw tlie folio 

conclusions : — . . r i.pumatic 

1. Lesions with the fundamental characteristics o r 
fever have been produced in the serum-sensitised am 
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.0 0 — Vnl\6 ring Aschoff nodulo showing 
several multmuclented Aschoff ht ocolls Tho 
nuclei flTo large, arranged centrally and have 
a VNcU defined nuclear membrane H andE 
X700 



lo 11 — Afichoff nodule in \nUe composed of 
chnracteriHtic muUmuclented cells H and F 
x650 



Fro 10— Valve angle proliferative lesion, 
showing palisading of cells mtli endocardial 
cells still mloct on surface of projection H 
and E x 250 



Fro 12 — Vnlvo prohferativo lesion on endo 
cardial surface, cells forming a palisade to nn 
underlying lesion of the v alv o substance wluch 
shous collagen necrosis and cellular mfiltra 
turn H and E x300 
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ITxq j 3 VivUo surfnco necrostd of collngcn with proliferation of Aschoff like colls 

m base of lesion H and E X425 



Fio 14 — Lung \essel showing arteritis in 

\oKing chieflj the sub endothelial zone, with 
accumulation of fluid, l 3 Tnphoc j te«. mono 
nuclears and red cells beneath the endotlielnim 
H and E x 130 



Fig 15 — Li\ er \ esscl m portal trnctshowmg 
fibrinoid necrosis of outer third of media, 
associated w ith sub endothelial proliferation 
and an ncuto inflammatory infiltration of the 
od^entitia H and E X22'^ 
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supporting tlie theory that rheumatic fever may be the result of 
hypersensitivity of the anaphylactic type. 

2. While there is no clear indication as to the causal factor 
responsible for sensitisation, it is suggested on clinical grounds that 
the h£emol 5 rtic streptococcus is more closely allied to rheumatic 
fever than any other organism and that hypersensitivity is probably 
the result of bacterial sensitisation, possibly of streptococcal origin. 

I vlsh to thank Professor Biggart for his help, advice and encouragement 
during tho coiirso of this work and in the preparation of this paper. I am 
indebted to ^Ir D. ^IcA. Mehaffey, A.lt.P.S., for tho photography. 
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THE RELATIONSHIP BETWEEN RHEUJIATIC 
CARDITIS AND SUBACUTE BACTERIAL ENDO- 
CARDITIS 

YvONKE JlACllAyArNE 

Depnrlment of Pathology, Queen's University, Belfast 

(Plates LXXVIII add LXXIX) 

Fkom the early years of the twentieth century onwards a steady stream 
of work has appeared emphasising strongly the frequent association 
and Eotiological relationships of rheumatic and haotorial endocarditis, 
particularly the subacute type. 

Clinicall}' the number of cases of subacute bacterial endocarditis 
giving a previous history of diseases of the rheumatic group has been 
estimated by various authors at from 30 to 100 per cent. Pathologically 
it is almost axiomatic that valves which are the site of bacterial 
vegetations of the subacute typo have suffered previous damage, 
generally rhoumatio in nature. Hadfield and Garrod (1042) say that 
most authors have found this to be true in over 80 per cent, of cases. 
In other cases the original lesion has been a congenital defect or, 
more rarely, syphilitic or atherosclerotic valvular disease. 

The important question is the mechanism by which the diseased 
valve favours the deposition of organisms. The available evidence 
suggests that primary bacterial localisation occurs on a prepared focus 
on the endocardial surface, and that vascular embolism plays no part. 
Allen (1930) points out that, in valves previously damaged, mechanical 
factors are of importance in determining the site of implantation. 

The nature of the surface changes, the mochaiusm of their 
production and in particular their relation to rheumatic fever, are all 
problems which require further elucidation. 

In any attempted evaluation of the relationsliip between rheumatic 
fever and subacute bacterial endocarditis it seems imperative to 
attempt to estimate the duration of the lesions in each of these 
diseases. Tliis is often difficult on clinical data alone, as in the one 
case the illness is so often sub-clinical in its manifestations, and in the 
other so insidious in its onset. Both conditions cause structural 
alterations in the heart, and there is evidence to suggest that, at least 
ns far ns the rheumatic lesions are concerned, the histological 
appearances may be Indicative of the length of time they have 
been present. 

J. PATH. BACT.— VOL. LUC 
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Aschoff (1905) was the first to suggest that the lesion which now bears hi? 
name is specific for rheumatic fever. He also anticipated future descriptioTi? 
of a typical life cycle by suggesting the ultimate transformation of this kioa 
into connective tissue. A similar view was expressed by Geipel (1005). Talalnjew 
(1929) described three phases in the progression of the lesion-swelling Ld 
exudation, proliferation, and finally sclerosis. KJinge (1933) also described a 
characteristic evolution of the lesion, with appearances tj'pical of each stage of 
development. 

In 1934 Gross and Ehrlich presented a histological classification of the 
myocardial Aschoff body based on a study of 70 hearts. In every case it was 
considered that diseases other than rheumatism could bo excluded. ThQ- 
stated that during the first four weeks the lesion is non-specific and consists of 
swelling and fusion of the interstitial collagen fibres j later there is e-nidalioa 
of cells indistinguishable from Ijunphoeytes. 

From the 4th to the 9th week the lesions are said to be characterised by the 
presence of round or oval cells, larger than lymphocytes. These cells have a 
delicate mantle of basophilic cytoplasm with a clearly defined edge. The nuclei 
are of the type described as common to all forms of the Aschoff body— fibro- 
cytoid, owl-eyed, or pyknotic. Giant cells are occasionall}’’ seen. There may 
be a peripheral zone of lynnphocytes and neutrophil polymorphs. 

The middle phases of evolution they believe to extend from the 9tb to 
perhaps the 16th week. Giant cells are frequent. They may contain seven or 
more nuclei irregularly arranged at the centre of the cell. These giant cells may 
assume the form of large syncitial basophilic masses, with ragged cytoplasm. 
Towards the end of this period the cells gradually elongate to a spinclie form 
and the cytoplasm becomes less obvious. Simultaneously the whole feion 
assumes a definite orientation within the planes of the myocardial septa, giving 
rise to the “ polarised ” type of lesion. This stage is believed to represent an 
intermediate phase in the metamorphosis of the cells into fibroblasts. 

The fibrillar variety of Aschoff node may be seen from the 13th week 
onwards. The scanty cytoplasm is represented by rather blunt basoplnliotaobs 
at either end of the attenuated cell. The nuclei are largely fibrooytoid. Gien 
cells are infrequent. The collagen is seen as fibrillar strands. ThL? ts ® 
stage which precedes the complete transition of the colls to fibroblasts. 

Gross and Elwlich found a remarkable consistency in the structure, ro 
therefore presumably in the age, of the nodules seen in any individual sec wu. 
They therefore assumed that a given crop of lesions can be timed from the on^ 
of a given attack of rheumatic fever. Since almost all the nodules reach t e sa 
evolutionary stage in development, as judged by their appearance at t le i®e 
death, it seems that they pass through an orderly and consistent 
changes. In cases in which the onset of the rheiunatic attack is 
duration corresponds to the estimated morphological age of the mjo 
Aschoff body. . „» 

McKeown (1946) studied the clinical and post-mortem findings [y. 

of rheumatic fever. She concluded that it is possible both to trace i 
tionary changes ocemring in the Aschoff node and to ! , 

general, her findings are in agreement with those of Gross and • ic i- ^ 

It thus appears that there is a reliable 
diagnosing not only the presence of rheumatic carditis « ■- 

duration, and it is considered that this might in 
opportunity of clarifjdng the relationship between this ^ studs' 
subacute bacterial endocarditis. With this object in ^al 

was made of 34 cases of subacute and 12 cases of acu 
endocarditis. 
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Material and methods 

In 8 of the subacuto cases the ^vholo heart was available for study. Sections 
from these were eut according to the method of Gross, Antopol and Sacks (1930). 
In the remainder the routine nutoi»y blocks -were studied. All sections -were 
stained by hajmatoxylin and eosin and by Masson’s trichromo stain, inicre 
necessary in individual instances additional stains rvere used. 


Sesultd 

In every case in wliioli Aschoff nodes were present an attempt 
•was made to estimate their age on the basis of the histological 
appearances. For purposes of tabulation the lesions wore divided 
into four age-groups in accordance with the stages of evolution 
already described. 

1. Under tvoo months (figs. 1-3). Exudative stage, characterised 
by necrosis of collagen and aggregation of large mononuclear colls. 
Giant cells are sometimes seen. In the first half of this period 
non-specific inflammatory cells are frequently present, specially 
around the periphery. 

2. Two to four months (figs. 4 and 5). Proliferative phase. Giant 
cells are generally present in the earlier part of this period, later 
becoming more oval in shape and showing less cytoplasm. There is also 
elongation of individual cells and polarisation of the whole nodule. 

3. Four to six months (figs. 6 and 7). Fibrillar stage, characterised 
by retrogressive fibroblastic changes. Gradual diminution in the 
cytoplasm of the cells is noted. Fine reticular bands of fibrous tissue 
are formed. The “Aschoff” nature of some of the cells is still 
apparent. The nuclei are mainly fibrocytoid. Staining by the Enna- 
Pappenheim method frequently shows the presence of cells with red 
cytoplasm, such as are frequently seen in the more acute lesions. 

4. Over 6 months (fig. 8). Sclerotic phase, in which the typical 
feature is the laying down of parallel bands of dense fibrous tissue. The 
lesions are relatively acellular, and become increasingly so with the 
passage of time. No further evolution occurs and the ultimate lesion 
— a fairly dense fibrous scar usually para-vascular in position — 
cannot be dated beyond this stage with any accuracy. There is no 
essential difference between the Aschoff nodules observed in these 
cases and those described by other authors in cases of uncomplicated 
rheumatic carditis. 

In addition, many of the cases present vascular changes which, 
on the basis of reports in the literature, are considered to represent a 
rheumatic arteritis. Similar arterial lesions have been described in 
detail by McKeown. It is considered that these specific vascular 
alterations are additional evidence in favour of the rheumatic nature 
of the myocardial lesions. In many of the hearts, crops of rheumatic 
lesions of two or even three different age-periods are present. In the 
• 34 cases of subacute bacterial endocarditis, evidence of active arteritis 
is present in 38 per cent, and healed arteritis in 32 per cent. Altogether 
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active rheumatic stigmata of various types are present in 79 per ceni. 
and healed lesions in 91 per cent. 

The incidence and estimated age of the myocardial Aschoff bodies 
in these cases and in the 12 acute cases are shown in tables I and 11. 


Table I 

Incidence and age of Aschoff nodtdes in subacute bacterial endocarditis 


Case no. 

Under 2 monthi 

2-4 months 

4-C montlis 

OverGmorfb ® 

A. 2126 

+ 

+ 


4- 1 

A. 2142 

— 

+ 


-L 

A. 2213 

— 

+ 

-r 

4, 

A. 2319 

— 

— 


4- 

A. 2305 

— 

— 

— 

— 

A. 2345 

— 

-* 

4" 

T 

A. 2436 

— 

+ 

— 

+ ! 

A. 2066 

— 

— 

+ 

i 

A. 2669 

_ 

— 

+ 

T 1 

A. 4047 

— 

+ 

— 

T 1 

A. 2674 

— 

— 

+ 

+ 1 

A. 3128 

— 

+ 

+ 

+ 1 

A. 2917 

— 




7 i 

BA. 3 

— 

— 

+ 


A. 3784 

— 

— 

— 

1 i 

A. 2703 


— 

+ 


A. 3717 

— 

— 


T 

BA. 23 

+ 



; 

BA. 82 

— 

— 



A. 2704 

A. 3380 

— 

+ 

— 

•f 

1 

A. 4089 

— 


+ 

A. 2376 

— 




A. 2764 

+ 

— 

““ 


A. 2987 

— 

— 



A. 3069 

— 

— 



L. 1 

— 

— 

"T 

-i. 


L. 2 

— 


4 - 

j. 

L. 3 

L.4 

— 


- 

L. 5 

L. 6 


— 

+ 

4~ 

4~ 

+ 

j. 

A. 4263 

A. 4341 


- 

- 

Total . 

4 

7 

20 

23 


The most striking fact emerging from these results is 
subacute cases, in which the average diuration is ^ oug as 

sis months, 26 (76 per cent.) show rheumatic , ^which is 

being of sLx months’ duration or less. In J of the 

characterised by its much shorter course, P®' j„ 5/12 

hearts show Aschoff bodies of less than two months 
(42 per cent.) the myocardial lesions appear to e 

months’ duration. correlate the 

In view of these results an attempt was m _ , ^joi, of the 

morphological findings with the approximate clinical durat 
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bacfei'ial ondocarditis. The latter is of course extremely difficult 
to estimate with accuracy, and for tliis reason some cases have been 

Tabue n 


Incidence and ago of Aaclioff bodies in acute endocarditis 


Case no 

Under 2 montlis 

2-4 mODthB 

4'C months 

Over C months 

A. 3820 


+ 



A. 3313 




-- 

A. 3550 

— 



— 

A. 3834 




+ 

A. 2519 

+ 



— 

A. 2492 



— 

<— 

A. 2760 




-f 

A. 3174 

+ 

-h 


-> 

A.3G9S 





A. 2751 





A. 326S 





-h 

A. 2423 


- 

- 

+ 


3 

4 

1 

1 

4 


omitted from the next table. The onset was taken as being coincident 
with the first definite complaint of malaise made by the patient. The 
results are shown in table III. Of the 17 subacute cases in wliioh it is 
possible to make an approximation of the clinical duration, Aschoff 
bodies of a corresponding age are seen in 11 (C4 per cent.). In the 
acute cases the corresponding figures are 2/8 (25 per cent.). 


Discussion 

Although very few observers have attempted to correlate the 
duration of the two types of lesion, tliis finding of Aschoff bodies in 
the myocardium of patients with infective endocarditis has been 
noted in many of the reports in the literatiue. Among these are the 
figures shorvn in table IV. 

VonGIahn and Pappenhoimer (1935) make the generalisation that 
Aschoff nodules are found in the myocardium of practically the same 
proportion of cases of subacute bacterial endocarditis as of un- 
complicated rheumatic disease. In this connection it is desired to 
emphasise that the examination of only one routine block is insufficient 
for the exclusion of rheumatic stigmata. 

The importance to bo attached to this finding of recent Aschoff 
bodies in cases of bacterial endocarditis depends on its interpretation. 
The essential point is whether or not one is justified in considering the 
lesions specific evidence of rheumatic carditis. The reasons generally 
advanced in favour of specificity are that the nodules have distinctive 
histological characters. They are frequentty seen in acute rheumatism 
and infrequently in other acute infectious diseases. 














662 


Y. Mj-cILWAINE 


Coombs (1908-09) states that these lesions appear to he characteristic 
of rheumatic as opposed to other forms of carditis, and that changes 

Table III 

Correlation of dinical duration tvilh presence and age of Aschoff bodies 


Suljacute bacterial endocarditis 

Case no. 

Approximate clinlca! 
duration 

Prosence and age of Asclioff bodies 

A. 3128 

4 months 

2-4 montlis, 4-6 months 

A. 3069 

6 „ 

None seen, but valve slioned active 



rheurastio valvulitis 

BA. 3 

3-4 

4-6 montlis 

A. 2703 

6 

4-6 „ 

A. 3717 

0 „ 

4-6 „ 

BA. 22 

7 .. 

Under 2 months, and old lesions 

A. 4089 

3 

4-6 montlis 

A. 4047 

4 „ 

2-4 „ 

A. 2370 

1 month 

Old 

A. 2764 

Several months 

Under 2 montlis 

A. 2345 

3 months 

4-6 months 

A. 2319 

6 

4-0 

A. 2917 

8 

4-6 „ 

A. 2142 

6 

2-4 months, 4-6 montlis 

A. 2669 

4 „ 

4-6 „ 

L. 4 

4 

None seen 

A. 4263 

0 

4-6 months 

Acute cases 

A. 2423 

4 weeks 

Under 2 months 

A, 2766 

6 

2 it 

A. 2751 

4 

None seen 

A. 3265 

4 „ 

»> r» 

A. 3829 

1 week 

4-5 montlis 

A. 3313 

1 „ 

None seen 

A. 3556 

6 weeks 

» »» 

A. 2482 

2 months 

*» »» 


Table TV 

Incidence of Aschoff bodies in subacute bacterial endocarditis 
{various published series) 


Authors 

No. of cases EUl>- 
acute endocarditis 

rercentace with 
Aschoff Wdl« 

Clawson and Bell (1926) .... 

61 

11-3 

30*0 

Gross and Fried (1937) .... 

30 


Buchbinder and Saphw (1939) 

40 

40-0 

Saphir (1935) 

35 

45-0 

Clawson (1929) ...... 

GO 

46-0 

VonGlahn and Pappenheimer (1935) 

26 

100-0 

Saphir and Wile (1933-34) .... 

10 



histologically similar are seen in rheumatic endocarditis and p 
carditis and in subcutaneous rheumatic nodules. 
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Gross and Pried (1937) are of tiro oprnioir that implantation of 
Iracteria such as occurs in ulcerative endocarditis may lead to 
reactivation of a smouldering rheumatic infection. They consider that 
this idew, which is also expressed by Grayhiel and Wliito (1936), 
affords an explanation of the high incidence of Aschoff bodies in cases 
of superimposed endocarditis. They offer no explanation as to how 
or why this reactivation occurs in bacterial endocarditis, or why it 
does not occur in other infectious conditions, in which Aschoff bodies 
are rarely found. 

A somewhat similar view is held by those who find in streptococcal 
infection the artiologioal agent of rheumatic fever. The suggestion 
made in this case is that the streptococci have been responsible for 
both lesions— tliat in fact the two conditions are but different 
manifestations of the same process. This idea is also held b3' Clawson 
and Bell (1920). 

There are several facts which appear to render this hypothesis 
untenable. First, it is the Streptococcus licctnolyticus W'hich is generally 
considered to bo important in the tctiology of rheumatic fever, and 
there is no erndcnce to incriminate members of the viridans group. 
The latter arc however the organisms most commonly found in cases 
of subacute bacterial endocarditis. Further, in the material forming 
the basis of the present paper, Aschoff nodules were found in three cases 
of pneumococcal endocarditis, and in two other cases, one due to a 
staphylococcus, the other to Scemophilus para-injiuemcc. The litera- 
ture contains scattered reports of endocarditis due to Brucella abortus 
and other organisms in which Aschoff bodies were present. Hitrig 
and Liebesman (1944) report the occurrence of an endocarditis due 
to Spirillum minus in association with typical rheumatic lesions in 
the njj’ocardium. Finally, in cases where the bacterial infection is 
superimposed on a true congenitally malformed heart, Aschoff bodies 
are often absent, though tbo infective process is presumably tho 
same. For these reasons, the suggestion that the Aschoff bodies in 
cases of subacute bacterial endocarditis represent cither a specific 
or a non-specific reaction to tho bacterial infection cannot be con- 
sidered valid. 

Held and Liebeison (1943) suggest that the vegetation of bacterial 
endocarditis, with its exuded fibrin, blood platelets and enmeshed 
bacteria, is a manifestation of a high general and local tissue immunity 
to bacterial invasion. In a discussion on the some point in 193S, 
Saphir states that the finding of typical Aschoff bodies in the myo- 
cardium in cases of subacute bacterial endocarditis may be taken as 
evidence against tho assumption that the latter is an immune 
response in a previously hypersensitive patient. Ho felt that it would 
be diffioult to explain why a tissue should respond simultaneously in 
two different ways— for example with a hj-persensitive reaction, of 
which ho considers tho Aschoff body to bo a type, and by an immune 
reaction^ namely the vegetation seen on the endocardium. 
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Heuco it would appear that subacute bacterial endocarditis can 
hardly be held responsible for tlie presence of in^yocardial AschofT 
bodies and it may justifiably be concluded that these lesions arc 
specific evidence of a rheumatic carditis. 

If this is so, the finding of recent rheumatic lesions in cases of 
bacterial endocarditis becomes a factor of astiological significance in 
the development of the latter disease. In cases where detailed clinical 
histories were available the estimated morphological age of the Aschoff 
bodies corresponded to the approximate chnical duration of the 
bacterial endocarditis in 64-7 per cent, of the subacute and in 
25 per cent, of the acute cases. This lugh degree of correlation in tlic 
apparent duration of the two diseases strongly suggests that at flic 
very moment of implantation of the bacteria the heart was the site 
of acute rheumatic lesions. 

A similar view was expressed in 1935 by both Sapliir andVonGlalm 
and Pappenlieimer. The latter authors also point out that the 
engrafting on rheumatic hearts of vegetations due to infection hr 
organisms other than, streptococci is a cogent argument against the 
view that the two types of lesion are a response of different intensity 
to the same infective agent, unless one dispenses vith current views 
as to the liistological specificity^ of the rheumatic reaction. 

Clinical features wluch support the current hypothesis are that 
subacute bacterial vegetations are commonest on the valves which ate 
most liable to damage by rheumatic fever and that they ore also frequent 
on the posterior wall of the left auricle, where rheumatic stigmata 
are often found. The patient most lilrely to develop bacterial endo- 
carditis is the young adult with a w'ell-compensated valvular lesion. 
This is interpreted as being due to the fact that at this age recurrent 
rheumatic attacks, even though often sub-clinical in their manifests- 
tions, are frequent. As age advances the tendency to recurrence 
diminishes. 

In a previous paper (Macllwaine, 1945) the valvular change* 
occurring during an acute exacerbation of rheumatic fever were 
described, and it was shown that these are such as to offer a ocu- 
for the localisation of bacteria from the circulating blood. 
suggested that the initial stage in the development of ac cn 
endocarditis is the implantation of organisms on unhealed r leum 
verrucre. ilicrophotographs illustrating this process were s wm. 

In the acute cases the necessity for a prepared focus 
due to the virulence and invasiveness of the organisms 
In subacute bacterial endocarditis the organisms are 
avirulent and require for their implantation some localising ac 

the valves themselves. f fnr is the 

The purpose of this paper is to suggest that such a 

presence of acute rheumatic lesions, and that these are m gmalier 
pathogenic factor in the majority of cases of subacute an m 
percentage of cases of acute bacterial endocarditis. 
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Summary 

1. Evidence is presented to indicate tlvat the myocardial Aschoff 
nodule is a specific reaction of the tissues to an attack of rheumatic 
fever. 

2. TWs lesion appears to evolve tlirough an orderly and 
characteristic process of ageing. The appearances at any given time 
are diagnostic of the phase reached in tliis process, 

3. A study of 34 cases of subacute and of 12 cases of acute bacterial 
endocarditis indicated that a large number showed evidence of 
rheumatic arteritis. Of more importance was the finding, in an even 
higher percentage, of Aschoff nodules of an ago which corresponded to 
the clinical duration of the endocarditis. 

4. The conclusion has therefore been reached that in many cases 
of endocarditis Icnta, and in a smaller number of cases of acute 
bacterial endocarditis, the bacterial lesion is superimposed upon a 
heart which is, at the time of infection, the site of an active rheumatic 
carditis, 

I wish to thank tho honorary phj'sicians of tho Royal Victoria Hospital for 
access to their clinical records. For tho photography I am indebted to 
Mr D. Mohaffey, A.R.P.S, 
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Hence it would appear that subacute bacterial endocarditis can 
hardly be held responsible for the presence of myocardial Aschk' 
bodies and it may justifiably be concluded that these lesions arc 
specific evidence of a rheumatic carditis. 

If this is so, the finding of recent rheumatic lesions in cases of 
bacterial endocarditis becomes a factor of mtiological significance in 
the development of the latter disease. In cases where detailed clinical 
histories were available the estimated morphological age of the Aschoff 
bodies corresponded to the approximate clinical duration of the 
bacterial endocarditis in 64-7 per cent, of the subacute and in 
25 per cent, of the acute cases. This high degree of correlation in the 
apparent duration of the two diseases strongly suggests that at the 
very moment of implantation of the bacteria the heart was the site 
of acute rheumatic lesions. 

A similar view was expressed in 1935 bj’’ both Saphir and VonGiahn 
and Pappenheimer. The latter authors also point out that the 
engrafting on rheumatic hearts of vegetations due to infection hr 
organisms other than streptococci is a cogent argument against the 
view' that the two types of lesion are a response of different intensity 
to the same infective agent, unless one dispenses with current views 
as to the histological specificity of the rheumatic reaction. 

Clinical features which support the current hy’pothesis are that 
subacute bacterial vegetations are commonest on the valves wliicli are 
most liable to damage by rheumatic fever and that they are also frequent 
on the posterior wall of the left auricle, where rheumatic stiginatJ^ 
are often found. The j)atient most liliely to develop hactcrial endo- 
carditis is the 3 'oung adult with a well-compensated valvTilar lesion. 
This is interpreted as being due to the fact that at this age recurrent 
rheumatic attacks, even though often sub-clinical in their manifesta- 
tions, are frequent. As age advances the tendenej' to recurrence 
diminishes. 

In a previous paper (Macllwaine, 1945) the vahmlar c aiigcs 
occurring during an acute exacerbation of rheumatic fe\er were 
described, and it was shown that these are such as to offer a oeu 
for the localisation of bacteria from the circulating blood. 
suggested that the initial stage in the development o u® 
endocarditis is the implantation of organisms on unhealed r leum 
verrucse. JMicrophotographs illustrating this process were ® 

In the acute cases the necessity for a prepared focus ‘ 
due to the virulence and invasiveness of the organisms ,. .^j^. 
In subacute bacterial endocarditis the organisms are ‘ 
avirulent and require for their implantation some localising 

the valves themselves. - , pie 

The purpose of this paper is to suggest that sue a ^ 
presence of acute rheumatic lesions, and that these are 
pathogenic factor in the majority of cases of subacute an 
percentage of cases of acute bacterial endocarditis. 
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THE NATURE AND SIGNIFICANCE OF THE 
CEMENTING SUBSTANCE IN INTERSTITIAL 
CONNECTIVE TISSUE 

T. D. Bay 

From the Department of Patholofpjt St Thoims'a HospxtaJ Medical School, London 
(PlJVTES LXXX AND LXXXI) 

In 1876 W. I’lemming described a cementing substance by which 
the fibrils composing the bundles of loose connective tissue were lield 
together. He showed that in neak acids there was coagulation of 
this substance in contrast to the fibrils, which became swollen. The 
constricting rings seen in places along bundles swollen in acid ho 
asenbed to irregular deposits of the cement substance, the irregularity 
of its distribution bemg partly caused by tcchmcal manipulations. 
The present commumcation is mainly concerned with a ro-stateraent 
and amplification of these views. 

MATEniAL AND METHODS 

Tho material studied was the deep fascia co\enng the thigh muscles of the 
rat. The rats used came from a pure inbred strain maintained for another 
purpose m this laboratory. The> were killed by a brisk blow on tho head and 
pinned out. In. order to avoid drying, tho connective tissues were immediately 
moistened with distilled water or m some cases with plij'siological Balino. Grej 
translucent portions alone were selected. Care xvos taken to avoid unduly tough 
or white portions of fascia or anj fat Pieces about 6 mm wide w ere picked up 
With forceps, snipped off with scissors and immediately placed in 10 ml. 
quantities of the fliud m which they were to bo examined. Jlicroscopje 
preparations were made after not less than half an hour’s immersion at room 
temperature Tw o types of manipulation were used ' either the tissue was teased 
and shredded on the slide before mounting or it was merely spread out by gentle 
pressure on the coverslip Air bubbles were alwajs avoided. Tho edges of the 
preparations were sealed with hot paraffin wax. Tho preparations were 
examined with a one twelfth inch objective having an zris diaphragm stop and 
a Leitz " cardioid ” type of dark ground condenser. A pomtohte was used as 
lUuminant. 


Morphological observations 

Appearances in distilled uater at pH 7-0. These are illustrated in 
figs. 3 and i It may be seen that tho main mass of the tissue ^ 
composed of interwoven bundles 2-10 /i in diameter. The bundles- 
are evenly Ulummated and compact. Between is a network of fibrils, 
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THE NATURE AND SIGNIFICANCE OF THE 

CEMENTING SUBSTANCE IN INTERSTITIAI^ 

CONNECTIVE TISSUE 

T. D. Bat 

From the Department of Pathology, St Thomas's HoapUat Medtcal School, London 

(Plates LXXX akd LXXXI) 

Ix 387G W. Flemming desenbed a cementing substance by ^vi^icb 
the fibrils composing the bundles ol loose connective tissue were held 
together Ho 8ho\\cd that in weak acids there was coagulation of 
this substance m contrast to the fibrils, wliich became swollen. Tiie 
constricting rings seen in places along bundles mvollen in acid lie 
ascribed to irregular deposits of the cement substance, tho irregularity 
of its distribution being 2 >artly caused by technical manipulatlons^ 
The present communication is mamly concerned with a ro-statoTnonfc 
and amplification of these views 

MATEnia. AKD JIETIIODS 

The material studied was tho dcop ftiRcm co\cnng tho Hugh miwcles of tho 
rat. The rata used camo from o pure inbred Btmui mamtmned for another 
purpose m this laborator> . They nero lolled by o brisk blow on the Jiend and 
pinned out In order to avoid drymg» tho connective tissuo'? were immediately 
moistened with distilled water or in somo cni?o3 with phjTsioIogical saline Grey 
translucent portions alone w ere selected Caro w as taken to a\ oid unduly tough 
or white portions of fascia or nnj fat Pieces about 5 mro wide were picked up 
with forceps, snipped o/f with scissors and immediately placed in lO ml. 
quantitie-i of the fluid in «hich thej' wero to bo ©'cammed Microscopic 
preparations wore made after not less tlmn half an hour’s immei^ion at room 
temperature. TnoijTiesofmanipuIation’noreiised . either the tissue was teased 
and ahreddeil on tho slid© before mounting or it was merely spread out by gentle 
pressure on, tho co\erabp. Air bubbles were alv.a>8 a\oidcd. Tlie (Hlges of the 
preparations \yero scaled with hot parotHn wax. Tho preparations uere 
examined witli a ono tw’eJfth inch objective having on ifia diaphragm stop and 
n Lmts " cardioid " typo of dark ground condenser. A pomtohto was used as 
ihummant 

JrORPnOI.OOIC«, OBSERVATIONS 

Appearances in distilled uater at pH ?•<?. Tisese are iUustiatad in 
figs. 3 and 4. It may l)o seen that tho main mass of the tissue is 
composed of interwoven bundles 2-10 p in diameter. The bundiea 
are ovenl 5 ' ilUiminatod and oompaot. Between is a network of fibrils, 
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many of which are in continuity with the fibrils composing the 
bundles. The spaces between the bundles appear also to be filled irifh 
a faint cloudy opacity, best seen at the edge of the preparation (fig. 4), 
Elastic fibres where present are easily recognised by their straighi 
course and angular branching. Eibrocytes and wandering cells are 
inconspicuous and most of them are distorted by osmotic swelling, 
Macroscopically the connective tissue in distilled water is grey and 
translucent ; it spreads and teases easily and is moderately retractile. 

Appearances in increasing concentrations of hydrogen ions. On 
account of the antagonistic action of salts to that of H ions (described 
below) the use of a buffer solution was impracticable. Dilute con- 
centrations of hydrochloric acid were therefore made to approximate 
pS values, the actual pH being measured after the experiment either 
colorimetrically or with a glass-electrode apparatus. Between pE 7 
and 5 the changes are not marked, the collagen bundles become slightly 
more condensed and the refractile elements in them, instead of being 
evenly distributed throughout the bundles, tend to become con- 
centrated at their edges. The bundles also show slightly increased 
waviness. Macroscopically no great alterations are noted. 

Appearances in concentrations around 1^110,000 HOI At this 
concentration, beginning quite abruptly, in so far as can be judged, 
at pH 4-2, the tissues are grossly and remarkably altered. Macro- 
scopically the pieces lose their grey translucency and become opaque, 
almost as if coagulated (cf. figs. 1 and 2). Such pieces are difficult to 
tease apart, the constituent fibres tending to cling together as though 
coated by a white gummy substance. Examined with the dark-ground 
microscope, the edge of such a preparation appears as shown in fig- 5. 
The bundles and fibres are obscured by a general wMte opacity- 
Where tom apart by teasing the appearance is that of fig- b- ® 
bundles, some of them increasingly wavy, appear contracted an 
covered with a white opaque substance. A similar change is seen o 
affect the interfascicular fibrils. There is no trace of acid swe g - 
on the contrary, the general picture is that of narrowing an con 
densation, with greatly increased optical opacity. 

Appearances at pH 4'0-3'6. In hydrogen ion concentrations 
acid than 3-8 the tissues again become increasingly grey 
lucent. The reason for this may be seen microscopically ui c 
that acid swelling of the bundles and the fibrils has begun, 
pH range there is clear evidence of the operation of the tw o 
processes, the increased swelling of the collagen fibres eing pa 
counteracted by a process of shrinkage. The appearances 


illustrated by fig. 7. i,vdroeen ion 

Appearances at pH 3-5'3-0. Within this range „ hrinkagc; 
concentration, acid swelling completely oversha ows s 
remains of the white opaque substance may be seen m within 

in the swollen bundles and as constricting rings and cross 
Md around them (Sgs. 8 and 9). Almost identical ,llu8tr.l.ons a. 
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Fro. 1. — ^Naked eye appearance of a piece of rat connective tissue in normal salme. 

Fig. 2. — ^The same piece of tissue after 10 mins, in N/10,000 HCl. The opacity is 
due to condensation of the cementing substance. These changes produced by 
the antagonistic action of salts and hydrogen ions on the cementing substance arc 
reversible. 

Fig. 3. — ^Rat connective tissue in distilled water at pH 7-0 : middle of the preparation. 
It consists mainly of fibrils less than 1/t thick, partly free and partly combined 
in compact bundles 2-10 p thick. x500. 

Fig. 4. — Raf connective tissue in distilled water at pH 7-0 : edge of preparation. 
X600. 

Fig. 6 . — Rat connective tissue at pH 4-0 {NJlOfiOO HCl) : edge of preparation to 
compare with fig. 4. The fibrils and fibre bimdles are obscured by a white opacity 
due to condensation of the cementing substance around them. X 600. 

Fig. 6.— Rat connective tissue at pH 4-0 (1^/10,000 HCl) : middle of preparation 
to compare with fig. 3. The fibres have been teased out free from tho opaqua 
cementing substance. Tho bundles are very compact and crimped owing to 
contraction of the cementing substance within them. X 600. 
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Interstitial CEMiamNa substance 








INTERSTITIAL OEMENTINO SUBSTANCE , C69 

he seen accompanying Flemming’s paper, Macroscopically the tissues 
are grey and translucent, rather resembling globules of mucus. 

Salt effects. Tissue treated with physiological saline at pH 7-0 
becomes grey, more translucent, and almost mucinous in consistency. 
Jlicrosoopically the appearance is as ahoum in fig. 10. The cells show 
up well and retain their normal contours. The bxmdles are notably, 
more open textured and their constituent fibrils may be more easily 
identified. The fibrils give a general appearance of being more 
loosely woven. With a slight increase in Salt concentration the 
loosening of texture becomes more apparent. At concentrations 
greater than il//8 the fibrils constituting the bundles frequently show 
Brownian movement. This effect was studied using several different 
salts. It was found that salts containing divalent and trivalent anions 
are slightly more effective in producing this effect. Little difference 
is observed between kations, with the notable exception of lithium. 
It is probable that the ease with which Brownian movement of the 
fibrils is produced depends upon the size and concentration of the 
particles bombarding them. This would account at least for the 
relative ineffectiveness of lithium salts. 

The unravelling effect at a concentration of J//2 NaCl upon the 
constituent fibrils of connective tissue bundles is shown in fig. 11. 

Antagonistic effects of salts and hydrogen ions. It is apparent 
that salts and hydrogen ions produce quite opposite effects in their 
action upon the connective tissue bundles. In the pH range 7'0-3-8 
the bundles become increasingly narrow, condensed and crimped, 
whereas in concentrations of neutral salts greater than Af/8 the 
bundles become broad, straight and unravelled and their constituent 
fibrils can be easily identified. Up to the point at which acid swelling 
of the collagen fibrils occurs (about pH 3’8) these changes are found 
to be reversible in either direction. That is to say, bundles narrowed 
and crimped at pH 4'0 become broad and unravelled when transferred 
to a neutral solution of il//8 NaCl, and vice versa. Bundles which 
have undergone acid swelling, however, never fully recover their 
former appearance when treated with salt. They remain opaque and 
granular. 

Summary of morphological observations 

It must be concluded from these observations that, in addition to 
acid swelling of collagen, hydrogen ions produce another quite 
different effect on loose connective tissue. In pH concentrations in- 
sufficiently acid to produce acid swelling, the general effect is one of 
condensation and shrinkage both of the tissue as a whole and of its 
constituent bundles. Within the pH range in which acid swelling 
begins (<3'8) there is clear evidence of the simultaneous operation 
of two antagonistic processes, nameljq swelling and contraction. 
The irregidar beaded swellings of collagen bundles in acids of strengths 
around 0-001 N would seem to be a resultant of these two processes. 
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Pig. V. — ^Rat connective tissue atjiH 3-6. Two processes are in evidence : condensation 
of cementing substance with increased opacity, and acid swelling of the coUngen 
with reduction in opacity. X 600. - , 

Fig. 8. — Eat connective tissue at pH. 3-0. Acid swelling of the collagen in the bundles 
is predominant. The condensed cementing substance remains in the form of 
granules within the swollen bundle and os constricting cross garters arotmd it. 
X600. 

Fig. 9. — ^Rat connective tissue at pH 3-0. Acid swelling of collagen bundle constricted 
by rings of condensed cementing substance, x 600. 

Fig. 10. — ^Rat connective tissue in normal saline. In solutions of salt the fibrib in 
the bimdles are less compactly woven than in distilled water. X 500. 

Fig. 11. — Rat connective tissue in 3112 concentration of NaCl. The fibrils in the 
bundles have become unravelled owing to thinning of the cementing substance. 
As the result of the reduction in viscosity of the cementing substance, fibrils in 
such concentrations of salt frequently show Brownian movement. X500. 

Fig. 12. — ^Fibrils composing a tendon in a rat’s tail. The fibrils are not held together 
in compact bundles and are easily teased apart. It is probable that these i ri s, 
unlike those of loose connective tissue, are not combined with cementing substance. 
X600. 
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or salt Unlcages are conBiderecl to be comparatively strong but have 
the defect of being readily susceptible to ionie penetration. This 
accounts for the ease with wliioh the swelling of collagen fibres occurs 
in acid and alkalme solutions. Discussing this subject the late 
Dr Dorothy Jordan Lloyd (1941) asked the question “ if the fibres 
of muscle and the collagen fibres of connective tissue or tendons are 
held together mainly by salt linkages and show this strong capacity 
for swelling, how is it that, when dissected from the body, they form 
such very coherent organs with no tendency whatever to dissolve 
away if suspended in water or physiological salt solution ? ” This 
question is of fundamental importance to pathology since, if collagen 
fibrils showed the tendency to dissolve in water which might be 
expected from the intrinsic chemical structure of collagen, oedema 
should lead to tissue disintegration. The answer which Dr Jordan 
Lloyd gave to this question in relation to the swelling of entire 
tendons of rats’ tails was that the tendon is ensheathed by a substance 
which, as a descriptive term, she referred to as reticular tissue, this 
sheath being relatively resistant to acid swelling. 

It has been possible to confirm the existence of such a sheath in 
this situation. Rat-tail tendons swollen in acid show an irregularly 
beaded appearance. Between the beaded swellings one can see 
residual pieces of the sheath which have retracted to form garters. 
The sheath surrounding the rat-tail tendon con bo beautifully 
demonstrated by brief treatment of the tendon with aniline blue. 
Microscopical examination of such preparations shows a network of 
blue-stained fibres coursing over the tendon, quite different from the 
longitudinally arranged fibrils of the tendon itself. 

There is good reason, therefore, to suppose that the collagen 
fibrils of tendon are protected from the disintegrating infiuence of 
hydrogen ions by a resistant wrapping which ensheathes tho entire 
tendon. No such arrangement was found in loose connective tissue. 
Dark-ground examination of preparations mounted in neutral 
distilled water or physiological saline revealed no trace of any sort 
of sheath around tho bundles of collagen fibrils. Constricting 
rings and cross garters appeared only in tissue treated with acid ; 
moreover, these were seen to he not only upon but also witliin the 
bundles. There is every reason to thinlc that Plemming was right 
in considering these appearances to be due to coagulation of 
cementing substance. 

Dark-ground study also revealed significant differences between 
the mode of arrangement of the fibrils in tendon and in loose connective 
tissue. The individual fibrils of a tendon, although closely packed 
together, are easily teased apart. Dark-ground e Ynmin n tinn of a 
teased-out tendon (fig. 12) showed that the collagen fibrils are not 
combined into bundles but stand out clearly as individual structures. 
It was also seen that the fibrils of tendons swollen in acid show no 
constrictions or irregularities. The fibrils merely become progressively 

J. PATH. BACT.— VOt. Itt 0^0 



572 


T. D. DAY 


disintegrated without the appearance of anything suggesting the 
coagulation of cementing substance. ^ 

It is probable, therefore, that the individual fibrils of which a 
tendon is composed are not combined avith cementing substance but 
are protected from disruptive ionic influences by a sheath which 
surrounds the entire tendon. On the other hand the fibrils of loose 
cormective tissue would appear to be intimately combined with 
cementing substance and it is to this substance that the bundles 
owe their cohesion in an acid or otherwise disruptive chemical 
environment. 

A further point to be discussed is the relationship between the 
cementing substance and the amorphous ground substance demon- 
strated in a variety of ways by Bensley (1934). Nageotte (1922) has 
denied its existence, but his paper on this subject does not contain as 
emphatic a denial as the title would suggest : (“ II n’y a pas de 
‘ substance amorphe ’ dans la trame conjonctive ”). In this com- 
munication he states that the only components of the connective tissue 
visible with the microscope are networks of fibres of decreasing size. 
He assumes, therefore, that any histologically amorphous substance 
present would have the same essential fibrillary structure. This 
conception is in full accordance with the recent work of protein 
chemists. Thus Jordan Lloyd (p. 284) : — “Most of the protein fibres 
are sufiSciently large to he seen by the naked eye, certainly by a 
low-power lens of a microscope. They have nearly all been split 
by suitable means into bundles of fine parallel fibrils. These are 
sometimes visible under a low-power lens, but sometimes require a 
high-power lens. These fibrils can be split again into bundles of 
parallel sub-fibrils that sometimes can only be made visible by the 
ultra-microscope. There is no doubt that by pursuing the splitting 
process far enough the parallel bundles of long thin molecules, already 
described, would be reached ”. It is apparent that in the study of 
proteins the fields of histology and modern structural chemistry 
are converging. Ermn to a histologist, the term structure is 
coming to mean not merely micro-anatomical structure but a o 
molecular configuration. From this point of view the question as to 
whether a given tissue component appears microscopically to o 
amorphous or fibrillary is of less importance than the question o 
what molecular arrangements are present and what is the func ion 
of these arrangements. There may in fact be a variety of amorp ous 
substances in connective tissue. The work of McClean (McClean an 
Hale, 1941) has shown that hyaluronic acid is present in 
in the skin, since an enzyme acting upon this substance is 
for the rapid diffusion of substances injected intradermally. ° ^ 

conceptions of fibrillogenesis would also demand the 
histologically amorphous substrate, out of which the “ 

The cementing substance described may in a sense he coi^i 
of the liistologically amorphous element in connective tissue, 
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is not the only subslanca which may ho present in iiistologioally 
amorphous form. 

SmnsiABY 

Dark-ground microscopical studies of rat interstitial connective 
tissue has confirmed the existence of a cementing substance as described 
by Flemming 70 years ago. This substance is digested by tr^Tisin, 
ehows maximal condensation at pH values between 4-2 and 3-S, and 
swells, with reduction in viscosity, in concentrations of neutral salts 
of MIS and over. 

I am deeply indebted to Professor W, G. Barnard for his encouragement 
and advice. 
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AGE CHANGES IN LYilPH NODES 

F. A. De:iz 

Dcjxjriment of Morbid Anotomi/, Vnivtrsitif College, Hospital 
IVfc^tcal Sdioolf laiidon 

(Plates LXXXII-LXXXVI) 

That profound changes occur in lymphoid tissue in ageing has long 
been appreciated, and the literature up to 1030 lias been renewed by 
Heilman. Detailed accounts of the ageing of the spleen, appendix and 
tonsils are available but reports on the lymph nodes are fragmentary, 
ill-co-ordinated and often contradictory. In this paper tho histological 
changes in the lymph nodes are traced from infancy to senility, 


MATEnlAL FOR EXA^^ITXATION 

This comprised over 300 lymph nodes collected from 160 autopsies, 
augmented by a small number of normal glands obtained by biopsy. About 
ono-third of these nodes came from accident cases, ono-tbird from acute medical 
and surgical cases, and one-third from subiecte of chronic disease. Tlie use 
of such material has been condemned by Hollman (1030) as unlikely to lead to 
reliable conclusions on normal structure, but any survey of this nature should 
include nodes from both the healthy and tho sick, and should comprise the 
greatest possible number consistent with their adequate study. Over 200 of 
tho glands belonged to tlio deep cervical and inguinal groups. Tlie remainder 
were bronchial, mesenteric or axillarj'. 

Methods 

Tho material was fixed in formol-snlino, Douin’s fluid or Helly’s fluid before 
paraffin embedding. Staining methods inch^ded Ehrlich's acid liajmatoxjdin 
and eosin, van, Gieson, Alallory’s phloxin methylene blue and Laidlaw’s 
reticulum method. Over fifty nodes were studied in serial sections. In some 
cases largo scale models in plasticino were made from serial drawings, the outlines 
of these drawings being pricked through tho paper on to thin sheets of plasticine 
of known thickness. The design Avas then cut out, the pieces of plasticine 
superimposed on a squared pattern and the model built up to an appropriate 
thickness. The model pictured in fig. 1 was built up in thh xray% 

The normal lyjeph node 

A precise knowledge of the individual tissues comprising the 
lymph node is essential for an understanding of ago changes. In tins 
investigation the relations of tho lymph sinuses, lymphoid tissue, 
blood vessels and fibrous and reticular tissues have been studied. 
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Lymph sinuses 

The afferent lymphatics pierce the fibrous capsule of the gland and 
enter the marginal sinus which completely surrounds the lymphoid 
tissue- This marginal sinus is a lymph-containing space about 40 ;i. 
in width, contimions with the hilar lymphatics and in the foetal gland 
traversed only by reticulum fibres. The trabecula which appear at 
the age of six months are fibrous-tissue pillars arising from the capsule 
and passing in the lumina of wide intra-glandular lymph sinuses to 
the hilum. The continuity of the marginal sinus is further disturbed 
at a much later age in the superficial nodes by the approximation 
of the lymphoid tissue to the capsule in many areas, so that tiic 
marginal sinus then forms a series of intercommunicating loculi. 

The mass of lymphoid tissue is traversed by intra-glandular lymph 
sinuses which pass from the marginal sinus to the lukr lymphatics. 
These lymph sinuses form a series of tortuous anastomosing channels 
40-70 fju in diameter. In sections of the adolescent gland, where the 
lymphoid tissue is well developed, sinuses occupy a very small part of the 
gland, which appears as a continuous sheet of lymphoid tissue condensed 
here and there to form germinal centres and interrupted by portions 
of lymph sinuses caught in transverse section. A two-dimensionahiew 
of lymph sinuses gives an inadequate picture of their number and 
complexity, a complexity that is displayed in fig. 1. This system 
of sinuse-s can be divided into three parts — cortical, medullary 
and hilar. 

Cortical sinuses. The intra-glandular lymph sinuses pass radially 
from the marginal sinus to the meduUa, but even in the cotte.r 
anastomosis is frequent and in travelling a distance of less than one mm. 
each sinus becomes joined to four or five others. 

Med^dlary sinuses. In the medulla, the sinuses anastomose more 
freely so that all sense of orderly arrangement is lost. The hinphoi 
tissue is reduced to narrow medullary cords and the proportion o 
sinus to lymphoid tissue is much greater than in the cortex. 

Hilar sinuses. The hilar structme varies considerably in dm^xen 
groups of glands and at different ages. The lulum consists of e eren 
lymphatics and veins, afferent arterioles and a variable amoun 
coimective tissue. This structure usually intrudes some di^nce m 
the gland. The marginal sinus is infolded at the hilum and msu a 
the hilar intrusion from the lymphoid tissue. ^ In the dep m 
the gland, where the hilum breaks up, the marginal sinus 1°^ . 

terminations of the intra-medullary smu.ses to form the e 
l 3 rmphatic vessels. The hilar fibrous tissue is always separa e 
the lymphoid tissue by lymph sinuses. 

The simplest form of hilar structure is seen 
nodes (fig. 2). The lymphoid tissue of these 
arrangement and is surrounded both externa 
lymph sinus. The hilar structures which fill 


in the inguinal hinpii 
glands has a oup-IAc 
l]y and internally W 
the concavity of 



Platk LXXXII 


NODES 



Fio, I.— Drawing of model of a lymph node to show tho arrangement of the lymph sinuses anti tlio contimiity of tho lymphoid tissue. Tho 
marginal sinus is sliown to tho left and on the right n hilnr protrusion contains an artery and a vein. x 50 . 
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cup are thus insulated from lymphoid tissue. The concave shape and 
the nature of the blood supply limit the thickness of lymphoid tissue. 
The large fleshy glands of the deep cervical group have a different 
hilar structure, providing adequate nutrition for the great aggregation 
of lymphoid tissue. The main hilum is superficial, but small hilar 
protrusions reach far into the glandular tissue (fig. 3). These form 
the medullary trabecula! and carry the afferent and efferent blood 
vessels of the Ismphoid tissue. The medullary trabcculaj are branching 
structures many mm. in length which become continuous with the 
cortical trabeculm. Each liilar protusion consists of a fibrous-tissue 
core surrounded by a lymph sinus. Within the fibrous tissue lie an 
arteriole and a vein, wluch part company as the accessory hilum 
divides and redivides, and then run in separate trabcoulce (Heudorfer, 
1921). Along the course of the arterioles branches are given off to 
cross the lymph sinus and enter the lymphoid tissue. In this way 
blood is carried into the depths of the gland. By the multiplication 
of accessory hila, a gland may increase to a diameter of several cm. 
while any portion of lymphoid tissue will still be witliin one mm. 
of an arteriole running in an accessory hilum. Some large glands 
possess more than one liilum and appear to develop by the fusion 
of several small units as described by Teiohmann (1861), Kling (1904) 
and Hammersohlag (1908). 


Lymphoid tissue 

The collection of cells forming the lymphoid tissue is supported 
by a reticular mesbwork and is cushioned from the capsiile by the 
marginal lymph sinus. As shown by Bunting (190f-05) the mass of 
lymphoid tissue is continuous, being pierced but not interrupted by 
lymph sinuses. In sections, areas of lymphoid tissue are often caught 
fortuitously between two radially arranged lymph sinuses. Such 
areas are described as primary follicles, but this definition is deceptive, 
suggesting as it does that tliis block of lymphoid tissue is walled off 
by the sinuses. If a section is taken deeper in the block these sinuses 
will have disappeared to be replaced by other sinuses in new positions. 
The essential continuity of lymphoid tissue, both cortical and 
medullary, is shown in fig. I. 

The distinction between cortex and medulla is usually made by 
reference to the difference in arrangement of the cortical and medullary 
sinuses. In ordinary hasmatoxylin-stained sections it is often difiBoult 
to distinguish between the two zones. Silver staining discloses obvious 
differences between the cortical and medullary reticulum (fig. 4). 
Distinction between the cortex and medulla is relatively- easy- in the 
su^rfioial glands, where the cortex uniformly surrounds the medulla ; 
it is more difficult in the deeper glands, where the cortex reaches, iri 
an irregular manner, far into the substance of the glands. 
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Reticulum 

In accordance with modem convention, the term reticulum is used 
to describe the arg^ophil fibres rendered black by ammoniacnl siher 
solution. The reticular arrangement at birth is described, for the 
changes in ageing are imposed on tliis fundamental structure. The 
reticulum can be divided into that of the marginal sinus, the cortex 
and the medulla. 

Marginal sinm. Reticulum fibres are the only structures travers- 
ing this sinus at birth. They arise from the fibrous capsule, cross the 
marginal sinus in irregular radial fashion, and just before joimng 
the cortical reticulum divide into two or three fibres that gain 
independent insertion in the reticular network of the cortex. The 
lymphoid tissue of the gland is suspended in a bath of lymph by these 
fibres, about 10,000 of which cross each sq. mm. of the marginal sinus 
to support the lymphoid tissue. 

Cortical reticulum. The cortical reticulum is arranged as an open 
meshwork of fibres (fig. 5). The average diameter of this meshwork 
is 20 (compare values of 12-20 /x by von Ebner (1902) and 10-30 /t 
by Jolly (1923)). Orsds (1926) has stated that these fibres are 
arranged to enclose rhombic dodecahedra. But Kelvin (1904) has 
shown that other polyhedra possess even greater economy of surface 
to volume. D’Arcy Thompson (1942) has demonstrated in inverte- 
brates that although one polygonal form may predominate in the 
fibrous structure, other polyhedra are also present. The arrangement 
of the reticular fibres in the lymph nodes provides the most economical 
use of fibres to support the lymphocytes and other cells of the 
tissue, hut this arrangement is probably less regular than Orsos has 
suggested. 

Medullary reticulum. The medullary reticulum is characterised 
by a much closer meshwork than the cortical reticulum (Richter, 1902 , 
Balahio, 1908; ROssle and Yoshida, 1909; Orsos, 1926). Thismes 
is sht-like, with an average diameter of 6-8 y, so that the medu aiy 
reticulum has a much darker appearance under the low power o 'C 
microscope (fig. 6). This difference in cortical and medullary reticu urn 
disclosed by silver staining enables a clear distinction between cor ex 
and medulla to be made' and changes in their relative proper lo 

to be detected. v, - two 

Both medullary and cortical reticulum are interrupted } 
structures — blood vessels and intra-glandular lymph simses. 
former are almost exclusively capillaries and venules. Eac v 
has an intimate investment of reticulum, the thicker fibres o . 
are wound spirally around the vessel. But there are ^ 

connections, so that the reticular arrangement is _.j)ce 

result of this close reticular investment, the vessels give t 
in silver-stained sections of cylinders of reticulum, 
cylinders thick fibres are given off to the general cortica an 



I, 2.— -Iniruinal nodo at ago 24, showing a central fibrous Inlum covered by nn inner 
darker laj’cr of medulinry rotleuluni and nn outer lighter Inyer of cortical reticulum. 
I Latdlaw. X 8. 
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Fio. 3. — Deep eervicni node at ago 20, shoiv- Fio. 4. — Fcetal nodo showing tho clear (Jistim 
ing trnbeenJ.'e and ujtennmghng of light tion between the light cortical reticulum an 

cortical and dark medullary reticulum. the dark medullary reticulum. Loidla^ 

Laidlaw. xl2. vdo. 
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leticulutn, and in this way the vessels are fixed to the reticular 

framework of the node. _ . , *1 t 

Intra-glandular lymph sinuses ore canals lined by reticulum that 
in cross section appears to be arranged ns longitudinal fibres, but in 
sagittal section is seen to form a close net wdth slit-like mesh. In 
foetal glands r-ery few reticulum fibres traverse the intra-glandular 
lymph sinuses. Later, transversely arranged fibres appear but arc so 
irregular in arrangement and distribution that the relative numbers 
of fibres at different sites cannot be measured accurately (Toldt, 1888 ; 
Thome', 1902). But Bartel and Stein (1906) have stated that the 
reticular mesh within the medullary sinuses is finer than within the 
marginal sinus. This is certainly not the case at birth and is probably 
incorrect for glands of any age, but variations in individual glands 
are considerable and so many other factors enter into the arrangements 
of the sinuses and their reticulum that the value of such measurements 
is very doubtful. 

Oonnecttve tissvc 

The fibrous capsule is directly continuous with the hilar connective 
tissue. In the foetal gland it is separated from the lymphoid tissue 
by the marginal sinuses, but after puberty this separation may become 
moomplete. The blood supply of the capsule is derived from the 
hiium directly, and from the surrounding conneotivo tissue. In the 
young node the capsule does not receive any blood supply via the 
IjTuphoid tissue, but after puberty this clear isolation of capsule from 
lymphoid tissue may bo lost and small vessels then cross from lymphoid 
tissue to capsule where these are in contact. 

Trabecul® are rarely evident in the foetal gland and do not pass 
completely from capsule to hiium. As tho gland increases in size hilar 
trabecul® grow into tho depths of the gland and by 6 months of ago 
have become continuous with the cortical trabeculm arising from the 
capsule. In the inguinal nodes the trabeculEe are poorly developed : 
in the deep cervical they form a fibrous network, but only a small 
proportion of the intra-glondular lymph sinuses contain them. 


Stood vessels 

The artery supplying the node enters at the hiium and divides 
into arterioles that run iii tho hilar trabeoulre deep into the gland- 
At intervals, branches in the form of pre-capillary arterioles are given 
■off to traverse the investing lymph sinus and to enter the medullary 
portion of the lymphoid mass. Once in the lymphoid tissue the 
■courp of the pre-capiiiary arteriole is chaiaoteristioaliy straight, 
pMsmg from medulla to cortex, a distance rarely exceeding 2 mm. 
-Jtiong its coarse it gives off many capillaries and terminates as part 
of ho capillary network of the cortex. Tho capillary network in tho 
ymphwd tissue consists of a closely anastomosing series of vessols. 
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The venules draining this plexus are more tortuous in their path 
than the pre-capillary arterioles, and join the veins lying within the 
trabecute. In most cases the veins do not occupy the same trabecul-e 
as the arterioles (Heudorfer) except near the hilum. 


Germinal centres 

The presence of germinal centres exerts such a profound influence 
on the structure of Ijonpli nodes in relation to their age that some 
account of their characteristics is essential if the age changes in Ijunph 
nodes are to be understood. Classifications for the various types of 
germinal centres have been proposed by Groll and Krampf (1920-21) 
Rotter (1927), Ehrich (1929) and Fischer (1937). In tliis paper the 
simple subdivision by Maximow (1932) into active centres of the 
Flemming (1885) type and resting centres will be used. The con- 
troversies concerning nomenclature and function of germinal centres 
■will not be considered, but inherent in the discussions and conclusions 
in this paper -will be the con-dction that the active centre with its 
pale core and compressed periphery of reticulum and darkly staimng 
lymphocytes bears the mark of active proHferation and the resting 
centre the signs of exhaustion of this activity. 

In this series the germinal centres made their appearance at an 
age of 5-6 months, as compared with the range of 2-6 months given by 
Gundobin (1906), Barnes (1909), Nagoya (1913), Heilman (1921). 
Foerster (1923), Wetzel (1926) and Ehrich (1929). The centres reach 
their maximum development in childhood between 5 and 10 years, 
persist in the active stage until adolescence and then appear in the 
resting phase, reduced in size and number, but persisting in most 
lymph nodes for the rest of the fife of the individual. This persistence, 
despite nutritional and other disturbances, has been observed bj 
Firleiewitsch (1906), Gaetano (1928) and Berggren and Heilman (1930). 

Although the various forms of germinal centre have been define 
in detail, no clear account has been given of the process of t leir 
development and duration of life. Labbe (1898) and Elirich (19 / 
state that the centres arise as small cortical condensations of lymp o 
cytes in the centre of which appear large pale-staining cells 
subsequent proliferation produces the active centre. ^ 
is thought to occur as a result of reduction in central mitosis, a ® ^ 
decrease in size and gradual replacement of the large pa e ce - 
small lynnphocytes, to gwe the picture of a small dense ■ 

of lymphocytes at first standing out in relief but finally' 
by diffuse dissolution into the surrounding lymphoid tissue ( 

1909; Renn, 1912). Maximow (19^2) has suggested ^ 

changes occur in germinal centres, the centre passing from 
active phase and back again, but he does not discuss t e ° 
by these changes. Conway (1937) has shown in experimen ‘ 
that tliis cyclic process may be speeded up to be comp e e m a 








AOB CHANOBS IN LY3IPH NODES 


581 


Flemming implied that germinal centres developed in fixed sites 
in lymph nodes, and Maxiroow (1927) stated that this localisation was 
the result of vascular distribution, each germinal centre developing 
around a special blood vessel. The experiments on the aoth-e 
immunisation of animals by Heilman and White (1930) support this 
conclusion and suggest that the germinal centres arc fixed in number 
as well ns position. They demonstrate that the number of germinal 
centres is no greater in inoculated than in control animals, but the 
centres are much larger in the former group. Conway stated that 
.germinal centres are neither fixed in location nor limited in number, 
and that no constant relationship with blood vessels could be found. 
A number of investigators (Hueck, 1927, 1928 ; ROhlich, 1928 ; Jager, 
1928-29 ; Schmelzer, 1936) have studied the blood supply to germinal 
centres and conclude that there is always an associated afferent 
arteriole. But it should be emphasised that germinal centres may be 
very large structures, up to 1 mm. or more in diameter and, ns a 
result of the space they occupy, they are almost certain to be in 
contact at some part of their circumference with one or more of the 
pre-capillary arterioles which are so uniformly arranged in lymph nodes. 

Germinal centres arc a specialised part of lymphoid tissue — 
according to Foerster the last and highest product of differentiation 
of that tissue. The cortical reticulum appears to have n limit to its 
degree of distension with cells, and cellular proliferation beyond this 
limit results in local disruption about the focus of cellular proliferation 
which forms the germinal centre. Further disproportional growth of 
the centre leads to peripheral compression of tho reticulum. That 
germinal centres are not confined to the cortex but may be found in 
the medulla has been frequently reported {Labb6, 1898; Bunting, 
1904-05, Heudorfer, 1921; Oellcr, 1928; and many others). The 
arbitrary distinction between cortex and medulla is difficult to maintain 
and the inter-relation of cortex and medulla is often coniple.x, but it 
seems possible that the medullary reticulum may bo transformed to 
the cortical type, hehaidng as a collapsed lattice that on suitable 
stimulation may be re-opened to form the fully distended cortical form 
of reticulum. Further local distensions will result in areas of dis- 
ruption to form germinal centres. Even when the medullary reticulum 
has undergone some collagenous change, cellular proliferation may 
distend it to capacity and even to disruption, so that between the 
germinal centres and amid the proliferated lymphocytes fragments 
of collagenous fibres 'may be seen, an indication of the relatively 
acellular structure of the gland before the stimulus to growth 
provoked the cellular reaction. 

The germinal centres are distributed in lymph nodes either at the 
periphery of the gland in close association with the marginal sinus, or 
surrounding as a sleeve the large trabeculated intra-glanduiar lyrnph 
sinuses. In this way the germinal centres are apparently related to 
the distribution of afferent lymph within the lymph node (Chievntz, 



changes occurring in axillary nodes during lactation (Stiles isn-’ei- 
Oulland, 1893-94, 1894). ^ 

The lymph nodes can he separated into the two main groups 
superficial and deep. These show essential differences in stnicture 
and in response to ageing. The inguinal glands are here taken as 
representative of the superficial group and the deep cervical glands 
of the deeper group, and the age changes are described independently. 
From the material examined in the present investigation it can be 
ooneluded that the maximum size of lymph nodes is reaciicd in 
childhood at an age of 7-10 years, supporting the conclusions of 
Heilman (1930), who on the basis of experimental work with animals 
and a review of the literature on human nodes decided that the 
greatest development was reached before puberty. In the investigation 
of the anatomical changes in ageing, the differences in the regional 
groups of nodes must he considered. 


Age changes in ixguixae xopes 

The inguinal nodes have a cup-like shape and a fibrous hiluni 
that projects into the gland to fill the cup. This characteristic stnictuw 
is often evident at birth and can always be seen at the end of six 
months, as by this time a few trabeculae may have developed, but 
inguinal nodes are poorly trabeculated. At six months the lymphori 
tissue has increased sufficiently to contain a few small germinal 
centres in the cortex. Until adolescence there is a steady increafc m 
IjTnphoid tissue until the gland reaches a length of 1 cm. or more. 
The hilum passes into the gland for about 0-5 cm. The rind of 
lymphoid tissue attains a thickness of several mm., and where this is 
exceeded, medullary trabeculre appear. Germinal centres become more 
numerous but they are alw'ays less well developed than in the i cep 
nodes. The germinal centres of the inguinal nodes are 
number, smaller in size, show less reticular compression and 
smaller pale centres than those of the deep cervical nodes. 
germinal centres appear in the cortex which, at this P®”'’ * 'f* 

and continuous (fig. 2). As the cortex tends to follow the W 
the gland, germinal centres may be distributed along the Ime o 
hilum as well as around the periphery of the node. Excep wa i 
centres may be found deep in the gland. , 

Retrogression commences at puberty. The f jjiis 

decreases steadily in amount, but although the total 
tissue may dimmish to a tenth or even less, there is no ^ session 
in the over-all size of the gland, due to the fact that m re ro 
the lymphoid tissue shrinks on to the capsule rather can o 
hilum. In this way a narrorving rind of lymphoid pQunectire 
capsule and the cup is filled wdth increasing amoun s o ,, 
tissue. Tins method of shrinking is a fundamental prop 
matter, D’Arcy Thompson (1942, p. 562) has shown r 
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objects sUrinlc to form perfect cup-like figures and has used this fact 
to explain the formation of the gastrula stage of the embryo. 

The nature of the hilar tissue filling the increasing cax-ity of the 
lymph node varies with the nutritional state of the individual. In 
the normal individual the hilum is composed almost entirely of 
collagenous connective tissue (fig. 1). Where there is much fat 
stored in the body the hilar fibrous tissue is replaced by adipose 
tissue (fig. 8). A scries of gradations between a completely fatty 
and a completely fibrous hilum' is found and is closely related 
to the degree of general adiposity. Several writers, reviewed by 
Heilman (1930), have discussed the accumulation of fat in lymph 
nodes and some ha%’o considered that the fat may aetively displace 
the lymphoid tissue, but Sternberg (I92C) has pointed out that fatty 
accumulation may occur in the absence of reduction of lymphoid 
tissue. It seems much more likely that the body fills the lymphoid 
cup with the connective tissue available — ^tho spare individual with 
fibrous, the obese with adipose tissue. In starvation or wasting 
diseases, where the nutritional state of the body is poor, the hilum 
becomes cystic (fig. 9). The conneotivo tissue is greatly reduced, 
and in its place great lymph-containing spaces are found, but the 
lymphoid tissue is still peripheral in arrangement. 

The diminution of lymphoid tissue results from a decrease in the 
cellularity of the gland (Rossle and Yoshida) with a relative increase 
in the fibrous element (Jolly). Tliis is illustrated by the relatively 
greater reduction in cortex than in medulla. The cortex with its 
open meshwork has always a more cellular structure than the closer- 
meshed medulla. After the ago of 20, germinal centres have almost 
entirely disappeared from inguinal nodes, although a few inactive 
centres may persist, but the thickened reticular fibres that arose 
from the capsule and joined the peripheral condensation of reticulum 
about the germinal centres persist. These fibres occur in bundles and 
usually pass through the cortex to join the medullary rotieulum. 
Shrinking of the cortex proceeds, so that at the age of 40 it ceases to 
be continuous and in places the medulla, reinforced by the trajectorial 
fibres, reaches the marginal sinus. Here capillaries cross with the 
trajectorial fibres to the capsule, thus breaking down the vascular 
isolation of the lymphoid tissue from the capsule. Lymphocytes 
appear in the meshwork of these reticular pillars and in places the 
lymphoid tissue comes into actual contact with the capsule. The 
intracapsular proliferation of lymphocytes becomes possible by direct 
continuity with the lymphoid tissue when the gland is stimulated to 
new activity. The marginal sinus is no longer continuous, but is now 
interrupted by pillars of lyrmphoid tissue showing the reticnlar 
arrangement and reduced cellularity of medullary tissue. 

The reduction in cortical tissue continues at a slower rate after forty. 
At first the corte.x is continuous, but the medullary' intrusions show a 
relative increase in size until the cortical tissue is broken up into 
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islands wUch finally have a diameter of 0-5 to 1 mm. (fig. lO). § 0 ^^ 
ficially they resemble germinal centres, and indeed the iskads of 
characteristic cortical reticulum often have a central reticular 
deficiency, indicating the persistence of a resting germinal centre. 

Coincident with the decrease in lymphoid tissue a eohaoenous 
change occurs in the medullary reticulum and can be detected'^eithcr 
by silver staining or by van Gieson’s stain. This change commeaees 
at 30, progresses slowly and is incomplete, so that reticulum fibres 
are always intermingled with collagen fibres. Fibrous change docs 
not occur until the medullary lymphocytes are greatly reduced in 
number and the reticulum fibres closely compacted, a condition 
greatly favouring collagenous change (Mallory and Parker, 1D27). 
Age is, however, a factor, since the compacting of the reticulum occurs 
many years before the collagenous change commences. 

The medullary fibrous tissue is separated by a lymph sinus from the 
hilar fibrous tissue, often conspicuously so in old age, but the complete 
separation of medulla and hilum that is found in childhood is lost 
to some degree in ageing, as is the complete isolation, of cortex from 
capsule. In places the medullary tissues become continuous>ivitb the 
iular tissues. The fibrous transformation of the medulla does not in 
any way alter the proliferative potentialities of this part of the node, 
for under the stimulus of inflammation, the fibrous medulla fills vith 
lymphocytes and scattered, disrupted collagen fibres are seen fo be 
overwhelmed by the newly formed lymphocytes. The colkgeniscd 
reticulum of the medulla occasionally shows minimal adipositj'. 


Age changes in cervioal nodes 


The deep cervical lymph nodes differ considerably from the 
superficial nodes. They are spherical or spheroidal and reach a large 
size. The arrangement of the trabeculae and the blood supply haw 
been discussed above. The node is fulty trabeculated at si.y monf s, 
when the gland is about 5 mm. in diameter and contains a ew 
germinal centres. The node increases in size to reach its ma-ximum 
at 7-10 years, when it may be 1 cm. or more in diameter. The increase 
in size is accompanied by farther development of trabecu se, rv »c \ 
preserves the essential relation between trabecul® carrying 
vessels and the lymphoid tissue. There is no hilar 
lymphoid tissue as in the inguinal nodes and the relation e 
cortex and medulla is much more difficult to define, as as 
emphasised by Nordmann for aortic nodes and Kopsch for me-cn 


310 dcs, V * -foiccn 

The key to the cortical and medullary airangemen may , 
as the trabeculm. In the deep cervical lymph nodes, eac i i 
contained in its lymph sinus, has a coat of cortica 
I mm. or more thick. As the trabecula passes 
medulla it carries this cylinder of cortex with ft, so 


J. PATH. PACT.— Voi- LIX 


Platk LXXX^^ 


A0T2 CnAKGCS IN LYBIPK NODES 



FlO. 11. — Cen'icnl node nt tigo 78, showing Riinilnrily to firtnl node (compnro fig. 4). 

L«i<Ha\r. x2.7. 






AOE CHANGES IN LYMPH NODES CS7 

becomes broken up by strands of cortex -srhioh anastoinoso as they 
follow the branching trabecula:. WhUo this process of cortical 
infiltration of the medulla is taking place, germinal centres are 
developing, for these appear at about the same time as the trabeoulm. 
The germinal centres arise only in the cortical reticulum, wluch is 
now not only peripheral in arrangement but also radial along the 
trabecula:. Thus each trabecula, like the branch of a tree, bears the 
fruit of germinal centres. In fig. 3 a cross section shows considerable 
intermingling of medulla and cortex, but reconstruction shows that the 
buried cortical xeticulum is always adjacent to trabecula-bearing 
lymph sinuses. This complex arrangement of cortex and medulla 
with consequent appearance of germinal centres in cortical reticulum 
located deeply in the gland demonstrates that most of the controversy 
about the presence of germinal centres in the medulla of lymph nodes 
is based on an inadequate knowledge of the normal structure. The 
clear differentiation between cortex and medulla, as hero described, 
can be made only with silver-stained preparations where the char- 
acteristics of cortical and medullary reticulum are easily seen. 

It should bo emphasised that the lymph sinuses can bo divided into 
two groups, those not hearing trabecula: and having a diameter of 
about 40 n, and trabeoulse-bearing sinuses of over twice tliis diameter. 
The smaller sinuses pass through the cortical tissue to form a complex 
network of sinuses wliioh drain into the larger sinuses. The large 
traheoulffl-oontaining sinuses pass much more directly from marginal 
sinus to hilum. There ate alternativo paths for lymph. It may pass 
more or less directly through the gland in the large sinuses or it may 
take the long and tortuous path through the smaller lymph sinuses 
of cortex and medulla. In many lymph nodes, during the proliferative 
stage, the lymph sinuses within cortex and medulla are full of 
lymphocytes, while the broad trabeculated sinuses are free from 
cells. If such a gland is stained with ha:matoxyh'n and eosin the 
lymphoid tissue appears as a continuous sheet, and the intraglandular 
sinuses cannot bo detected owing to the absence of their one distin- 
guishing feature, emptiness. In the gland stained for reticulum the 
intraglandular sinuses are seen to be present in normal numbers and 
distribution. 

In cliildhood, well developed germinal centres cluster around the 
periphery and around the trabecula: passing into the substance of the 
node. At, this, stage the active centres described by Tlemming are 
best seen. The nodes persist in this state of maximum development 
until puberty, but even at this time the germinal centres have 
decreased somewhat in size, with consequent decrease in size of the 
lymph node. From puberty onwards there is a diminution in size of 
the germinal centres. These do not disappear but are present as 
inactive forms and can still be found at the age of 80. The deep 
cervical nodes do not show any of the marked changes in size and 
structure that are seen in the superficial nodes. The statement of 
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Krumbhaar (1942) that most nodes go on at Jeast to CO j'cars with 
little atrophy certainly applies to the deep cervical nodes, and 
probably also to other groups of deeply situated glands. 

The retrogressive changes that do occur consist of a decrease in 
the activity and prominence of germinal centres, an increase in size 
of fibrous trabeculae, and a general decrease in all elements of the 
gland, cellular, reticular and fibrous. In extreme old age the node 
sometimes corresponds in its simplicity to the foetal gland, and 
cortex and medulla may again be distinguished as continuous units, 
and trabeculae are almost absent (fig, 11). It is incorrect to consider 
a lymph node as a structure built at pubertj^ to last until death. It 
is probably undergoing constant slow change, so that an infinite 
number of minute changes over many years produces an entirely 
new structure. None of the units of the node last the lifetime 
of the individual and there is unlimited opportunity for recon- 
struction. 

The return in old age to the foetal tj'pe of gland is not confined to 
the gross structures of medulla and cortex. The finer structure is also 
reproduced. Cortical and medullary reticulum have the same anangc- 
ment in the senile as in the foetal node, and this reticulum is pierced 
in the same way by blood vessels and lymph sinuses (fig. 12). The 
medullary retic^um may show some fibrous tissue change hut the 
open meshwork of the cortex is without collagenous taint. 


SroBiAuy 


1. Trom a study of the structure of lymph nodes it is concluded 
that in superficial nodes, e.g. inguinal, the lymphoid tissue consists 
of a thin layer covering a large fibrous hilum. In deeper nodea, e.j. 
deep cervical, there is a greater mass of lymphoid tissue into vine 
the hilum does not intrude but is replaced by many medullary trabecu ® 
which ramify witliin the node and carry the blood vessels into t e 

ijunphoid tissue. , ^ 

2. The cortical reticulum is arranged as an open meshvor • o 

fibres, while the medullary reticulum is a condensed system ^ ‘ ® 
slit-like mesh. This difference in reticular arrangement can be 
demonstrate variations in arrangement and in relative propo i 
of cortex and medulla. _ , j 

3. Germinal centres occur in the active form in chil too 

commence to retrogress at puberty. Resting centres can e ou 
most glands at any age after puberty. If cycKc chanps . 
germinal centres in the absence of inflammation, these c jg 

be slow and unimportant. Germinal centres are loci of clispropor 


growth within the cortex. , , 

4. Ljnnph nodes show differences in age changes epe 
their function and their anatomical position. Supemcia ^ 

one group, and deep nodes which are regional to mucous 



AOn CHANGES IN LYMPH NODES 


m 


another. Both groups reach their raaximvira development in cluldliood 
and decrease in size after puberty. 

5, In inguinal nodes, trabeculEc and germinal centres are j>oorly 
developed at all ages. After puberty, the cortical tissue decreases 
steadily, and in old age the cortical tissue is confined to islands 
surrounded by medullary tissue. Despite considerable shrinking of 
lymphoid tissue the inguinal nodes do not show very great diminution 
in size, the lymphoid tissue defect being compensated by hilar 
connective tissue, 

6, Deep cervical nodes in childhood show well developed trabeculae 
and many large active germinal centres. At puberty there is some 
diminution in size of the nodes resulting from retrogressive changes 
in the germinal centres, but subsequent changes are slight and the 
deep cervical nodes do not show the same degree of transformation 
as is found m the inguinal nodes. In extreme old ago there is a 
gradual return to the foetal type, 

7, At any period tlie stimulus of local inflammation may cause the 
node to proliferate and take on the characters of tlic node found in 
cliildhood. 

My thanks are due to Pfofes-?or G. R. Camoron, F.R S.. for his suggestion 
of this pToblem nud his conlinuod help dwnng the course of the work. I wisli 
to acluiowledge assistance m the collection of lunterial from Mr W. Bentley 
Purchase, Dr Martin Bodian and Mr F. J. FemMck, nnd the invaluable technical 
advice of Mr J H, Bajloj. The expenses of this work wore met by a grant 
from the Gralmm Research Fund. 
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THE EFFECT OF FOSTER-NURSING ON THE 
MORPHOLOGY OP THE MAMMARY GLANDS 
IN MICE 

V R. KHA1.0LKAR and Kamai, J. Rasabive 
From the Laboratories, Tala Memorial Hospital, Bombaij, India 

(Plates LXXXVII XC) 

CAJ.CEB of the breast appears spontaneously rn some laboratory mico, 
and in a number of institutions genetically homozygous strains of 
mice have been bred, differing among other tilings in the frequency 
with which they develop mammary carcinoma These aiumals have 
been studied for the purpose of determining the role of several factors 
in the induction of non growth and certain general inferences have 
been drami 

1 The genetic constitution of an animal determines to some evtont 
its liabiUty to develop breast cancer (hereditary susceptibility), but 
this hability is shght in the absence of evtraohromosomal factors 

2 Evtraohroraosomal factors play a dominant role m the susoepti 
biht}’ of mice to breast cancer These factors are transmitted through 
the cytoplasm of the ovum (van Gulik and Korteneg, 1940) or in the 
milk on which the young arc reared 

3 The spontaneous development of such cancer depends on the 
existence of a suitable humoral environment m the ammnl It also 
depends on the responsiveness of the tissues to products of metabolism, 
hormones, and their interactions 

The mammary glands in mice show mild oyohe changes m adults 
and marked changes attendant on pregnancy and lactation in breeding 
females The alteration in breast tissue during the evolution of cancer 
shows three stages There is n phase of resistance to growth and a 
phase of preparatory growth prior to the phase of cancer formation 
The relative dominance of any one phase or the rapidity of progress 
from one stage to the next varies in different strains of mice and is 
believed to be correlated with its susceptibility (Loeb and Suntzeff, 
1941) 

Recent investigations have been directed towards a study of the 
physical and chemical characters and the distribution in the viscera 
of the milk borne factor which has been shown to be present in the 
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milk of certain strains of mice. The tumour-inducing a<rent in the miifc 
possesses properties usuaUy associated mth viruses or cnopk^tuic 
and molecular determinants (Brj^an et al, 1941-42). 

It was thought that the relative significance of the tliree factor?— 
the presence of a transmissible tumour-inducing agent, a disturbed 
hormonal equilibrium and a genetic susceptibility— might be elucidated 
by a careful study of the morphology of mammary glands under 
controlled experimental conditions in cancer-susceptible and cancer- 
insusceptible strains of mice. The morphological appearances of 
breasts in healthy virgin mice belonging to four strains at four age 
periods were therefore studied and have aheady been reported 
(Ranadive, 1945). The breasts in virgin females of these four strains 
exhibited clearly recognisable differences in ductal pattern and acinar 
arrangement at 6-8 months. The ductal pattern was identical in the 
ten breasts of the same animal. An attempt is now made to describe 
the effect of foster nursing on the microscopic structure of breasts 
in tlmee strains between the ages of 7 and 8 months. Preliminary 
studies of this nature have been referred to by van Gulik and Korteiveg 
(1940), Shimkin e( al. (1941-42), Bittner et al. (1944) and Bittner 
and Huseby (1946). 


Mateeiai. and irsTBons 


The experimental animals were descendants of mice kindly presented to us 
in the XJ.S.A. The strains C 5 , Black and C 3 H were from the Rosooe B. Jaclaou 
Laboratories and strain Strong A from the Department of Anatomy, 'iale 
University. Tlie stocks were maintained by brother-sister mating between 
young healthy animals. They were in their FlO-ll generations since tlieir 
arrival in India. For purposes of foster-nursing iialf or whole litters were 
exchanged within 5-1 S hours after birth. After weaning, the males and female^ 
wore separated, and litter mates ■were kept under identical conditions for al»« 
six months. Vaginal smears were examined daily from soon after the se\ent ‘ 
month and the animals were killed during full oestrus. The tecJiniquo for t e 
preparation of whole mounts of breasts has been previously described (Bona M) 
and does not differ in any essential respect from that suggested by Gardner c n • 
(1939). Except in a few instances the ten breasts of all the animals were 
studied and the cliaracters of tho ductal pattern and acinar arrangeme 
recorded. ' . , 

Table I shows the number of virgin mice from the three 
number of mammary glands •which were studied in each group, T e 
regarding tumour frequency are based on information suppued 
laboratories of origin or published in the literature. The incidence 
altered to some extent during the sojourn of the strains in this countrj ' 

the 

An examination of 1711 entire breasts from 173 mice shoisc ^ 
arrangement of ductal branching could be separated into three distinc ^ 
and the grouping of acini along the ducts into three types. It as 
that although the mammary response to oestradiol implants vane o ^ginar 
extent in different breasts of the same animal, the ductal P®* aficr 
arrangement in the ten breasts of any animal were markedly ^ arinar 
foster-nursing. The ductal patterns designated a, and y 
arrangements A, B and C are described first to av'oid frequent repe i 
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Tabub I 


Numbers of ammaU txamincdt showing the known incidct^cc of breast 
cancer m ihc cxptnmenial and control groups 


Nursed by 
strain 

No ofvJrjrfiis 
survhiDC after 
7 rooutla 

1 

No of 
roamranry 
lElands 
ttudled 

rat lUhcd Incidence of 
t rcast cancer 

Autiior 

Highly euBceptihle strain GjH 

C,H 

20 

200 

D5 100 per cent virgins 

Ander\ont (1038) 



and breeding females 


C|j Black 

20 

19G 

40 0 per cent breeding 

AndervontandJIcElenoy 




females 

(1030) 

Strong A 

20 

200 

04 per cent 

Heston and Andervont 



(1043 44) 

Non-suscepilhle strain Black 

Cfj Black 

20 

200 

0 5 per cent breeding 
females 

9 0 per cent breeding 

Andervont (1938) 

C,H 

20 

200 

Ander\ ontandMcEleney 




females 

(1030) 

Strong A 

20 

200 

20 0 per cent breeding 
females 

Dcomo (1040) 

SuscspUbls strain Strong A 

Strong A 

20 

104 

4 9 per cent \ irgins 

83 6 per cent breeding 

Bittner (1030) 

0(9 Black 



females 


20 

lOG 

4 0 per cent breeding 
females 

1C 0 per cent 

Bittner (1937) 

C,H 

13 

125 

Heston and Andenont 




(1043 44) 


Duct patterns 


(a) In this pattern tfie niammarj ducts are long and slender Branching 
proceeds to the third or fourth order Sidtj branches from the main ducts ore 
few and short The pattern assumes the clmracter of on open network ngnmst 
a homogeneous stroma This js the commonest pattern encountered m the 
present material (fig 1) 


(^) The mam ducts and the order of ductal branching are similar to those 
in pattern « There are, houmer, a large number of short side branches from 
the mnm ducts, so that the general appearance la of a profusely branching com 
parntuelj complicated closed ductal network {fig 2) There is an occasional 
variant of this tj 7 >o (p ) m which the mom ducts are peculiar^ dilated Thej*- 
branch and re branch along the whole extent of their length, so that tlie 
secondnrj and tertiary branches appear as thm thread hko processes which 
ramify profuse^ m a dense periductal etromtv (fig, 3). The network js closely 
woven, simulating the ductal proliferation during pregnancy Tins pattern 

XTfosteTn'i^mg""'* "‘'a*" « group 

jy) The chnractcnstiD of this is a mde dilatation of the mam duet 
and Its secondnry offshoots Tliey are about 3 or 4 times as uudo as the 
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corresponding ducts in the first pattern (a). The secondarj- branches from t!,» 
main ducts are few, short and stunted, with blunt ends or rounded tips (fie. 4 j 


Acinar arrangement 

(A) . This arrangement is characterised by an almost complete absence of 
single acinar buds or groups of acini. TOien this arrangement is associated \nth 
the ductal pattern a the mammar5>- gland simulates the outlines of a bare tree 
(fig. 5). 

(B) . Small acinar buds in groups of 4-10 alveoli are dotted along the entire 
extent of the gland. In some glands these groups may be restrieted to isolated 
areas. The appearance of the mammary gland under low magnification with the 
buds stained bright crimson by “ Kemechtrot ” could be likened to a free in 
bud (fig. 6). 

(C) . There is an uneven multiph'eation of acinar buds in this tj'po which 
leads to the formation of irregular clusters of acinar cells (fig. 7). The localised 
clusters are seen as opaque nodular masses attached to the ductal branches 
and have been described as “ focal acinar clusters ” or “ hj^ierplastic nodules”. 
Such nodules, usually few in any gland, are produced by focal abnormal growth 
of acinar epithelial cells and have been regarded as precancerous lesions (Taylor 
and Waltman, 1940 ; Shimkin et at., 1941-42). An occasional variant of type C 
(O') consists of small acinar buds evenly distributed along the ducts as in B, 
with some buds flowering into big hyperplastic nodules in isolated spots. The 
appearances in a stained preparation resemble the blossoms of red enssm m 
spring (fig. 8). 


Expbebiental PIKDIKGS 

Table II indicates the changes observed in the architecture of 
mammary glands after foster-nursing. 


Series I 

(а) Twenty C3H virgins nursed by their mothers were used as 

controls for this group: 15 showed simple ductal branching jn 1 
few slender offshoots, 13 showed hyperplastic nodules (fig- ) 
almost all ten mammary glands of each animal, the num er 0 
nodules ranging from three to as many as twelve in the large t loraci 
pair. One of these females developed a palpable tumour (a enom 
in one breast. .j jj 

(б) In the CgH virgins nursed on n on-susceptible C37 

no change in ductal pattern was noticed from that seen in le 
animals. There was, however, a notable absence of ^ 

nodules in 18 out of the 20 animals (fig- 10). The two 
virgins each developed a single hj'perplastic nodule in one on 

ten mammary glands. , a j,i,out 

(c) Of the C3H females suckled by susceptible S rong 
half (9/20) showed an appreciable change in ductal pa 
simple (a) to the comple.x (^) type. Almost two-tlur J " 
devoid of any acinar structure (fig. 11) and m onlj ^ ntrist m'th 
bj'perplastic nodules encountered. This is in mar'C co 
their incidence in the control animals (13/20). 
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Series XI 

{a) In the 20 C57 Black females nursed by their own mothers 
there was remarkably little variation in the breast pattern. Most of 
them (18/20) possessed a simple mammary tree \rith few and short 
side branches, and were completely devoid of acinar structures (fig. 12). 
In only 4 animals were small acinar buds seen, but there were no 
hj’perplavStic nodules in any of the 20 animals. 


Tablu II 

Cfianges observed in the architecture of the mammary glands after fosteraiursing 


I 


Acliiar arranRoment 


Xmcdliy strain I' 



X. Highly e\iBceatibt« etraCa C^R 



Strong A . . 20 9 10 1 13 7 

C„ Blrwk . . 1 20 U G 0 17 2 

C,H, , . 1 13* 10 3 0 4 0 


• Twenty -four strong A fcjnalf^ wtre traru^wu to C,u nurses. Mortality among tJiese was so high 
that only females suni^od for the sc^emmonth period. 

(5) Of G5, Black virgins nursed on tiio milk of the suscoptible C3H 
strain, one-half (10/20) presented a peculiar dilatation of mammary 
ducts (y), the significance of ■which is discussed later. H3’perplastio 
nodules were encountered in most of the breasts of about half the 
animals (9/20) (fig. 13). 

(c) The C5, Black females fostered By Strong A nurses showed no 
significant alteration in the duct pattern. There •was, however, a 
noticeable change in the acinar arrangement. Whereas none of the 
control virgins (Cs./Cj,) showed any acinar stmotures at teven months, 
half the animals suclded on Strong A milk presented these structures 
(C-f4/20). Six out of these ten animals showed uniformly distributed 
acinar buds along the ductal branches ; the other four showed well- 
developed hyperplastic nodules in addition (fig. 14). One of these 
four animals disclosed an interesting morphological pattern. LocaUsed 






















Plate' LXXXVnr 

Pigs. 9-11. — ^Photomici'o^aplis aho\ving the effect of foater-nursinp on Iho liicHr 
susceptible strain CjH. All photomicrographs XlO. 

Fig. 9. — Part of an entire breast of a CjH virgin nursed by its mother. The diKlnl 
pattern is of the simple (a) typo (fig. 1 ), with two big hyi)crplnstic nodnlcs ns in 
type C. 

Fig. 10. — Part of an entire breast of a CjH virgin nursed on a non-suseeptibla C,. 
Black. The ductal pattern is very simple without any acinar fitnict'irei— 
characteristic of strain C 57 Black. 

Fig. 11. — ^Part of an entire breast of a CjH female fostered on Strong A itiilfc. Tli" 
ductal pattern is of the complex {^) typo, without any acini. This tjpei' invariaUj- 
found in Strong strain A. 

Figs. 12-14. — Photomicrograplis showing the effect of foster-nursing on the non- 
susceptible strain Cj, Black. 

Fig. 12. — Portion of an entire breast of Cj, nursed by its oivn mothor. The dncte! 
pattern is very simple, without anj' acini. It is closely comparable to the tvfe 
in fig. 10 . 

Fig. 13. — Portion of an entire mammary gland of a C 57 virgin fostered on C,H nnlh- 
The main ducts are peculiarly dilated (y type, fig. 4), with hyperplastic n o-> 
clinging to them at the sides. 

Fig. 14. — ^Part of an entire breast of a Cj 7 virgin foster-nursed on Strong 

ductal branching is very simple, with uniform acinar buds along the duct?, soir. 
of which open out into definite hyperplastic nodules ns in type C (fig. S). 
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Plate LXXXIX 


Figs. 15-17. — ^Photomicrographs showing the effect of foster-nursing on tlie susceptible 
strain Strong A. 

Pig. 16. — Portion of an entire breast of a Strong A virgin nursed by her mother. The 
ductal pattern is the complex (^) type with many side branches comparable to that 
in fig. 11 . 

Fig. 16. — Part of an entire breast of a Strong A virgin nursed on a non-siisceptlble C,, 
Black, The ductal branches are all bare and without acini. Tho pattern simulates 
a A type in normal C 5 , (fig. 12). ^ 

Pig. 17. — Portion of an entire breast of a Strong A .virgin fostered on the highly 
susceptible strain CjH. One focal hyperplastic nodule is seen. The ductal 
arrangement in this particular animal is complex ()J), 

Flo. 18. — Camera lucida drawing of a whole mount preparation from the major portion 
of the third thoracic mammary gland of a C,, virgin fostered on Strong A. Main 
ductal tree is very plain (a). On it is superposed the complex ductal network of 
type P' and in its centre hyperplastic nodules are seen. 

Pig, 19. — Microphotograph taken from the central portion of the preparation drawn 
in fig. 18. These are complex ducts of type j 8 ' with hyperplastic nodules in t k 
centre. 
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susceptible strain and in a few fostered on milk of the susceptible 

strain Strong A. ^ m i 

{a) Out of nine Strong A males fostered on Cj, Black, eight 
developed breasts completely devoid of hypeiplastio nodules. Only- 
one animal showed a few indistinct nodules in two ont of the ten 
mammary glands (fig. 20). 

(6) Males of strain Strong A transferred to CsH nurses developed 
a dilated and stunted ductal system in almost all the animals, and big 
hyperplastic nodules covered most of the ducts throughout the extent 
of the glands (fig. 21). 

(c) Non-susceptible Gj, males did not show any breast development 
when nursed on their own milk, except for e couple of rudimentary 
duets. 

(d) The males of Cj, Black, on the other hand, when suckled by 
“ A ” mothers, produced big hyperplastic nodules in the breasts of 
eight out of twelve animals (fig. 22). 

Discossion 

A study of the material deaetibed above indicates certain general 
characteristics regarding the morphological alteration of the mammary 
glands after foster-nursing. The architecture of these glands alters 
in the direction of the structure prevalent in the foster-mother. The 
alteration affects the ductal pattern os well as the acinar arrangement. 

The numerical data relating to the acinar arrangements in the six 
groups of foster-nursed animals have been compared with the data 
for the control groups (table II) and the statistical significance of the 
differences assessed (table III). 

TiBLE III 


Statistical anafysis of the data presented in table II 


Series 

Tostet-nuned 

group 

Control group 

Value of ;c' 

HangeofP 


C,H(C„ 


\zm 

0-01 

to O-OOl 


c,.yc.H 


n«sos> 

'0-01 

„ 0 001 

3 

C,H/A 


13-006 

0-01 

„ 0-001 

4 

A/C,H 

A/A 

17-817 

O-OOI 

„ 0-0001 

5 

C„IA- 

C../C., 

6-704 

0-1 

» 0-05 

' fi 

A(0„ 

A/A 

4-3U 

0-1 

„ 0-05 


(i) The values of x" In series 1-4 are significant, while in series 
5 and 6 they fall near the line of significance. This last result, however, 
may depend on the fact that the cjuantitative differences in the 
control groups also arc not marked. 

(ii) The data relating to the acinar arrangements in the breasts 
of the foster-nursed animals and their foster-mothers, when analysed 
in the same manner, show no significant difference, suggesting an. 

3, Tin. DACf.— VOl- US rt . 
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alteration of the acinar arrangement in the fostered animals in 
direction of the foster-mothers’, '' 

(iii) The numerical data of the ductal pattern prevalent jij ih 
three strains CgH, C57 Black and Strong A have not boon subjected 
to statistical treatment, as the differences are not essentially quantita- 
tive in nature. 

Alterations in the ductal pattern. About' half the CjH mice after 
foster-nursing by Strong A females show the more profuse ductal 
branching and comparatively complicated network characteristic of 
strain Strong A (fig. 11), and a majority of the Strong A mice 
nursed by CgH mothers exliibit the simple (a) pattern usually 
encountered in the foster-mothers (fig. 17). The effect on the ducts is 
masked in those animals where the pattern is similar in the motherj 
and foster-mothers (fig. 10). Thus, as both CgH and €‘5, Black shovr 
an analogous pattern (a), no evident change could be expected after 
reciprocal foster-nursing. However, in C57 females nursed on CjH 
almost half the animals show a peculiar dilatation of ducts with blunt 
side offshoots (y) (fig. 13). A similar change was referred to by 
Gardner (1939) prior to the development of cancer in oestrogen-treated 
animals. 

Alterations in acinar arrangement. As regards the acinar arrange- 
ment it was observed that hardly any CgH or Strong A females fostet- 
nursed by show hyperplastic nodules (figs. 10 and 16), and only 
infrequently develop even small acinar groups, Tliis supports tbe 
observation of Bittner ei al. that only “ occasionally a nodule" and 
“ not more than one to a gland ” was found even in breeding females 
of C3H and Strong A fostered on non-susceptiblc mice. On the other 
hand, it was found that a majority of C57 females nursed on C^B or 
Strong A develop a very varied arrangement of acinar clusters (figs- 
and 14). If .these nodules can be accepted as precursors of cancer a? 
suggested by several investigators (Taylor and Waltman, Sh'no'in 
ei al.), then the observations described above may be taken a? 
affording a morphological basis for the shift in the incidence 0 res- 
cancer in mice after foster-nursing. It may ho pointed ouH 
fostered on dba (van Gulili .and Korteweg) and in C on CjH ( i® 
et al.) hyperplastic nodules were observed in the mammary % 

under similar conditions. , i-jpl 

Foster-nursed males with intact testes when treated wi 1 __ 

exhibited a similar alteration in the morphological pattern ® 
glands. Males of the cancer-susceptible strain Strong A, n j 

by non-susceptible 0s7 Black and treated -with cestradio ' 
hyperplastic nodules in the breasts (fig. 20), whereas a ’ . 

the same strain when nursed by mice of the suscep 1 ^ 


and similarly treated developed hyperplastic 


nodules (fig- 21)- 


■aim oiiaaaiJj’ i-iisu-iv-v* v.- , _ THar'k nufscd k'” 

also intact males of the non-susceptible strain O57 , ’ j- j j-areh' 

their own mothers and treated with a large dose 0 ‘ 

showed any breast development ; but when they were 
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Flo 20 — Entire mammarj glnnd of 
0 . Strong A inftlo fostered on tbo 
non susceptible C#? Illacb Tho 
ductal pattern w ^ ery siraplo 
^v^thout acini 



Em 21 — Entire inamTnnTj gland of a 
S trong A jnalo nursed on tlio lugld> 
susccptiblo strain C 3 H Tlio ducts are 
dilated, mill few side brandies Big 
hyperplastic nodules co'ver part of 
tlie ducts 



Fro 22 — rntiTO mammary gland of a C„ Black mnlo fostered on Strong A The ducts 
are slender and the mammary gland is much better developed Big hyperplastic 
nodules cover tho ducts nil ov or the gland 

Fios 20 22 —Camera lucida tracings of entire mnmmarv glands of foster nursed 
(estrogen treated males 
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euscoptible strain Strong A and similarly treated they showed hyper- 
plastic nodules in a large majority of the animals (8/12) (fig. 22). 
Hyperplastic nodules rarely occurred in spite of the administration 
of an adequate amount of ceatradiol in the absence of active milk- 
borne factor. With an identical dose of oestradiol the same strain 
displayed a significant difference in the breast pattern after a change 
of the milk-borne factor. The animals thus provided a satisfactory 
control to the observations on foster-nursed females of the same 
strain. Tworably (1940), Bonser (1944) and Dmochowski and Gye 
(1944) noticed a corresponding change in the incidence of breast 
cancer in intact foster-nursed males after oestrogen treatment. With 
cestrogen administration Twombly recorded an incidence of 33 per cent, 
breast tumours in Gj, males after feeding on the milk of R III (highly 
susceptible) nurses, an incidence which had not been previously 
observed in similar animals nursed by their own mothers. 

The observations recorded above suggest that there is a difference, 
either quantitative or qualitative, in the milk-borne factor of the 
three strains of mice. Most of the animals from the three strains 
develop hyperplastic nodules in their breasts when they are nursed 
by CaH females. On the other hand, the milk-bomo factor of the 
susceptible strain Strong A is able to induce abnormal growth in some 
animals of the non-susceptible strain only and not in Strong A 
or CaH. The milk of Cj, Black fails to induce hyperplastic nodules 
in any of the animals used in this experiment. The milk-borne factor 
of the three strains thus appears to vary in its quality or quantity. 
However it is not only the milk-borne factor of the nurse but the 
genetic constitution of the nursling and the responsiveness of the 
breast tissue to the particular milk-bomo factor which ultimately 
determine the breast pattern of the animal. Dmochowski (1945) 
has recently reported a similar difference in the potency of tumour- 
inducing substance obtained from splenic and dried tumour tissue in 
three strains of mice with different genetic constitution. 

Mammary cancer develops frequently in CjH virgins (95 per cent.) 
but rarely in Strong A virgins (4-6 per cent.). The difference in 
tumour incidence between virgins of C3H and Strong A and between 
virgin and breeding females of Strong A strain is explained by Bittner 
et at (1944) as due to a lack of adequate hormonal stimulation in 
Strong A virgins. An increased production of ovarian hormones 
during pregnancy results in a marked increase of breast tumour 
incidence (80-85 per cent.) in breeding females of Strong A strain. 
A similar change is indicated by the presence of precancerous nodules 
at 7-8 months in the breasts of Strong A virgins nursed by CjH 
mothers. It can therefore be assumed that the milk substance in 
CjH mice provides Strong A virgins with all the factors needed for 
inducing abnormal proliferation of the glandular tissue. 

These observations afford interesting material for speculation 
regarding the action of the milk-bome factor. It is unnecessary to 
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elaborate at this stage our ideas regarding the nature of this substance 
and its tumour-inducing properties. It is possible tliat the ijiilk-borc» 
factor acts on the mammary glands through its effect on tlie endocrine 
system, but this would not appear to be the only avenue of its actiriiv 
because it is not possible to induce tumours in all strains of mice 
by increased hormonal stimulation. It has been shown bysereral 
investigators that large doses of cestrogens are unable to induce 
abnormal mammary gland proliferation -without the mediation of an 
active millc-bome factor. The presence of this substance has been 
demonstrated in the breast parenchyma of certain strains of mice 
as well as in their mammary tumours (Br3'an ct ah). It tlicreforc 
appears that malignant mammary proliferation can only be incliicwl 
by a combined action of the milk-borne factor on the breast parenchvma 
and on the endocrine glands. Such proliferation fails to materialise 
in the absence of this substance in the milk or an inadequate response 
to its presence by the endocrine glands. 


StranuAEY 


1. There is a noticeable difference in the structure of the mammsrj- 
glands of virgin mice at 7-8 months in the three strains CjH, Strong 


A and Car Black. 

2 , Poster-nursing on animals of another strain otters the 
morphology of the breast in these mice. If there is a difference in 
the pattern of the ducts between the nurse and the foster-nuued 
strain, a change is effected in the ductal pattern of the nursling. T ic 
acinar arrangement was altered in all six groups of fostcr-iiurt 
animals. The architecture of the mammary gland of foster-niiKC 
females is altered in the direction of the structure prevailing w ® 
foster-mother. Tliis is clearly demonstrated in CsH mice nur^et on 
Cs, Black and in CgH nursed on Strong A, as well ns in Strong . 
nursed on C57 Black and Strong A nursed on C3II. A 
analysis of the numerical data relating to the foster-nuising 0 f 

mice confirms these conclusions. j • f t mule 

3. The effect of foster-nursing on cestrogen-trcated intoci 
mice is analogous to that observed in females of the same s rain. 


We are grateful to Drs C. C. Little and L. C. Strong 
strain mice, -which has enabled us to undertake these stu les , n ^ 

of an American ship who allowed these mice to travel -ni 1 I), 

voyage across troubled seas. We are also grateful to our co 
Sanghvi for the statistical treatment of our data. 
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THE ADRENAL CORTEX IN ESSENTIAL 

and renal hypertension 

J. A. PiSHER and T. P. Hewtsxi 

From Ihr Dtparimmt of Palhologij, Umicmttj of Bristol 

There ate many observations •which suggest that in hypertension in 
man there are associated changes in the adrenal cortex, although 
there is no general agreement oa to the nature or frequency of these 
changes The position was reviewed hy Fishhcrg (1939), who con- 
sidered that adrenal cortical hyperplasia is a prominent featnro in 
essential hypertension although its role is completely obscure. 
Rinehart el al. (1941) found that in essential hypertension there was 
not only adenomatous cortical hyperplasia hut also an increase of 
the mean adrenal weight. Dempsey (1942), however, was unable to 
confitm either of these observations. In the hypertension of Cushing’s 
syndrome, there is commonly adrenal cortical hyperplasia, and in 
experimental " clamp ” hypertension the adrenal cortex or a hormone 
produced by it is essential for the maintenance of the hypertension 
(Goldblatt, 1937-38). 

In view of these observations, wo decided to obtain further data 
by paying special attention to the endocrine organs in our routine 
autopsies on cases of hypertension. Our interpretation of these data 
is that in both essential and renal hypertension there is a definite 
increase in the concentration of lipid in the adrenal cortex. 


Matehiai. and aietuods 

Our material ivfts denied from routine autopsies at general hospitnls and 
comprised 66 eosontinl hypertensives, mcluding tluoD in the malignant phase, 
16 renal hj-pertensiies and 67 non-hypcrtensi\© controls. 

tVe recorded the heart weight and TOcasiiremcnts lor the nssessment of left 
ventricular hj-pertrophy and in every case made a histological study of the 
kidneys, pancreas, liver and adrenals, and usnally of otiior organs, to observe 
hj-pertensiio arteriolar changes. In assessing heort weight and blood pressure 
rve applied the criteria of Monti end Oldt (1037). Heart weights of 460 g. m 
males or 350 g m females were taken to indicate hypertension. Those weighing 
less than 400 g in males or 300 g.m females were considered non hypertensive. 
Blood.pressiire readings of 160/90 or more were considered hypertensive for any 
age and no case was accepted aa a non hypertensive control if there was a 
record of a systolic pressure over 140 or a diastolic over 90. 

To establish a diagnosis of lij-pertensian,we required two out of the three 
positive criteria; a high blood pressure record, left ventricular hypertrophy 
and hjpcrtensivo arteriolar changes. Wo discarded all cases of valvular disease 
r TITO Bicr^roa tix 


not 
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of the heart with the exception of one m which there was clinical cvi.if-a'ef' 
prolonged hj'pertension, and all cases of recent pregnancy, the fonncr bc^.v.” -■ 
the heart weight was not a reliable criterion of hypertension and the h*',- 
because of the physiological hj-pertrophy of the adrenal cortex in pre-jue^i' 
We also discarded cases where the adrenals were the seat of discaw, such ai 
tuberculosis or tumour metastasis ; needless to say we did not exclude cxainrh! 
of cortical adenoma. 

Examination of adrenals 

After fixation for 24-48 hours in 10 per cent, formol-salinc the ndrtnal? 
were carefully stripped free of all extra-capsular fat and connective il-i:?, 
gently dried by blotting, and weighed. Blocks for histological examination wc.-c 
taken tlrrough the centre of oiie gland, or from both in the event of disparity 
in their appearance, and the remainder of both glands was cut into small piiws 
and thorougldy mixed. Approximately 5 g. of this material was ncciiratrly 
weighed, groimd up with sand and extracted with absolute alcohol and ct!.-r 
for estimation of the percentage lipid content, and thus of the total lipid in the 
two glands. We are aware that formaldehydo-precipitatwl protein protect! 
crystals of cholesterol esters to some extent from solution by lipid solvent*, 
but we foimd it impossible to strip the extra-capsular tissue adequately before 
fixation. 

Frozen sections w'ere stained with Scharlach R and examined under polarl-el 
fight. For purposes of visual estimation of the lipid content of the cortex, thh 
was divided into three equal zones : the outer, middle and inner third*. Tne 
content of sudanophil lipid and of anisotropic lipid in each zone was recordel 
in terms of arbitrary units: 0, ±, 1, 2 or 3. We found no ndvantngsB 
attempting to estimate the proportion of lipid visible in the three nnatoinis! 
zones. The sum of the units in all three zones that wo chose sceme 
to give a more accurate expression of the total lipid content than one coa 
obtain by the use of a single figure. In arriving at the sum-total, ±i 
indicated a bare trace, was counted as J-. 

Assessment of sepsis, nutrition and atheroma 

Albrecht and Weltmann (1911) and others have drawn 
great reduction in the anisotropic lipid content of the adrenal cortex m 
and this observation has been confirmed. It was therefore necessary o 
this factor lest it should invalidate our conclusions. For this rcccntlv 

our cases into three groups : those with no sepsis, those ® 
acquired sepsis such as a terminal bronchopneumonia, and wse 

or chronic sepsis. . . rnurfsby-^l' 

We thought it necessary also to consider the state of nutn ion ° 
and the degree of arterial atheroma, since the latter mig o 
a general disturbance of cholesterol metabolism. In , gn'i otb.''-' 

atheroma the aorta, the coronary and cerebral arteries ant ^ j 

large arteries were examined and an arbitrary figure aware e . < > 

fexv yellow streaks in the aorta were disregarded. 


Results 

Adrenal weight and essential hypertension 

The mean weight of both adrenals in 5o essential l yp — 
was 11*33 g. (standard deviation = 2*08) and in 5/ 
controls 1^94 (S.D. = 2*61). The difference between 


non-hyP^r^<^"''T 

tlic=c ts 
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obviously not significant, » finding wWob agrees witli that of Dempsey. 
We had no record of the body weight of our subjects, so we could not 
apply any correction for this factor, and wo found that the weight 
of the adrenals boro no relationship to body length in our non- 
hypcrlensive controls. > 

Nodidarity of adrenal cortex and essential hypertension 

We found a significant association* between cortical nodularity 
and essential h3^ertonsion (table I). 


Tabue I 

Cortical nodularity and essential hypertension 


AdrcQ&ls 

Contfols 

EMcatlal hypertcu'We* 

Smootli . 

24 

10 

Nodular . 

IS 

35 

X* « 0'4 P<0 02 


Total and percentage adrenal lipid and mential hypertension 

The total lipid in the adrenals was obtained from the product of 
the adrenal weight and the percentage of lipid. In 52 essential hyper- 
tensives the moan total lipid was 0'869 g. (S.D. == 0-405) and in 64 
non-hypertensive controls 0-079 (S.D. = 0-668), a difference which 
is not significant. Tiiore is, however, a highly significant correlation 
between a high percentage of lipid and essential hypertension (table II). 
The mean percentage lipid for the hypertensives and controls taken 
together was 7-17. 

TaetE H 

Percentage lipid and essential hypertension 



Below fs^an 

Above mean j 

ConlToU . 


38 


Hypertensives . 

• - 

21 


V « 8'58 F<0'01 


The lack of correlation hetweon total lipid and hypertension, in 
contrast to tho iughiy Bignificant association with percentage lipid, 

• Tliroughout tbo text the term “higjily significant ” indicates a probobility {P) 
of less than 0 01, tbo term “avguificant” probabilvty of bet-ween 0*05 and 0*01. 
A probability of over 0-05 is regarded as not rignifieant. Yatea'e correction has been 
applied where necessary. 
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is to be explained as due to the considerable variation in adrfni! 
weight, which we have shown to bear no significant relation to 
hypertension. 

Adrenal sudanopliil lipid and essential hypertension 

We found a higldj’’ significant relationship between the suclanojiLii 
lipid content, gauged by ^nsual estimation of a stained section, and 
essential hypertension (table III). 


Table III 

Adrenal sudanopliil lipid and essential hypertension 



t 

SudnnopliII unit*? j 


0-4 

5-0 j 

i 

Controls .... 

37 

17 I 

Hypertensives . 

22 

30 I 

i 



;i^= = 10-07 P<0-01 


Anisotropic cortical lipid and essential hypertension 

In 41 out of 53 cases of essential hypertemion ^ 

contained from 3 to 9 imits of anisotropic lipi , ^ 
h 3 T)ertensive controls only 15 out of 54 contame ™ statistic- 

This ^eater incidence of a high content of aniso ropi P 
ally highly significant. 


T’atjt.T? tv 


Anisotropic lipid and essential hypertension 



— 



Anisotropic llplil | 



0-2} 

S-9 ! 

Controls . 

Hypertensives . 


39 

12 

15 

41 


= 24-28 

P<0-01 

— 


Eenal hypertension and adrenal cortical hpiA 

Only 15 cases of post-nephritic were a 

study and the number is insufficient o j reaped in renal as m 
adrenal cortical lipid shows a tendency to be mcrea 
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essential hiTiertension. The percentage lipid ahoived no relationsliip 
and the sudanophil lipid was not BignSicantly increased, but a bigldy 
Bigruficant association was found in the case of anisotropic lipid (table V). 


Table V 

Rtnal hi/pcrlenaion anil adrenal cortical lipid 



Sud&noptid units 

Anl«otroptc units 


0-1 

5-0 

0-21 

3-0 

Controls . . , . . 

37 

17 

39 

16 

Bennl hypettensivea 

0 

0 

I 

14 


y* « 2*04 

r<o*i 

X* « 17-13 
B<00X 


Analysis of results 

We are aware that other factors might account for the findings 
shown in the foregoing tables. It was decided to make a complete 
analysis of the following five factors : anisotropic lipid, hj'pertension, 
age, degree of atheroma and degree of sepsis. The anisotropic lipid 
factor was chosen since it seemed to be biglily correlated with both 
sudanophil lipid and percentage lipid, so that it would be superfluous 
to take in all three of these adrenal factors as though they were 
essentially distinct. 

It was decided to ignore the nutrition foctor, since the correlation 
coeilieiont between nutrition and anisotropic lipid in our sample was 
less than 0’025 : this is completely insignificant to any level and 
indicates a complete lack of connection between nutrition and 
anisotropic lipid in our scries. 

Each factor was estimated at two levels. Three grades of sepsis 
were originally recognised — complete absence, moderate and severe. 
Since it was impossible to attach numerical values to these three grades 
we made two independent analyses, in the first of which the cases of 
moderate sepsis were grouped with those of total ahsonoe, and in the 
second the moderate were grouped with the cases of severe sepsis. 
We may call these analyses A and B respectively. 

We denote the variates by suffixes 1-S, whore 1 = anisotropic 
lipid, 2 =! hypertension, 3 = age (below or over 60), 4 = atheroma, 
and 5 = sep.sis. 

Analysis A. The ten correlations between the five variates gave 
the results : 

rij = 0-4963, = 0-3805, r„ = 0-2781, r,s = -0-3072, 
ra ~ 0-3850, rj, = 0-6542, rj, == -0-3004, r^, ~ 0-3449, 

Vas = -0-2400, r,s = -0-2513. 
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These ten correlation coefficients are all significant to the 1 mm' 
level, but in this form it is not possible to declare, for cxsmnle tCi 
the association betvreen I and 2 — anisotropic lipid and h\-porten%^- 
expressed by the coefficient 0-4963 is really an association 
these two variates and is not masked or augmented by the inferaoiir?. 
of the other tliree factors- To settle this point ire used the (ccimitp 
of statistical elimination to derive a single coefficient expressinc t\ic 
amount of correlation between hypertension and amsotropic lipid \viicji 
the effects of the other three factors are controlled. Using a cspiisl 
letter for the final coefficient we found that K-jj = 0-3475. ° 

Analysis B, The ten correlation coefficients in this analysis differ 
from those in. anatysis A only where those involving variate 5 an- 
concerned, the results being : 

rjg == -0-4392, r^s = -0-3926, = -0-1489, = -0-2897. 

Effecting the elimination in this case we found Rj, = 0-302J, it 
is seen' that in both cases is bigger than 0-3 and this valnr i- 
significant beyond the 1 per cent, level. This implies tliat ft? 
connection between hypertension and anisotropic lipid is a real on? 
and not an apparent connection caused by the interaction of ili? 
three other characters. 

Our figures for the correlation coefficients enabled us to c-vplon* 
the association between hypertension and atheroma, eliminating ll? 
other factors. In anatysis A the final coefficient R »4 = 0-4463; anl 
in analysis B it is 0-4357. This indicates a real and strong connerfion 
between hypertension and atheroma, independent of the other factors. 

DiscnssiOK 

Our results indicate that the proportion of adrenal cortical iipW. 
including anisotropic lipid, is increased in both essential and rear 
hypertension. The interpretation of this finding can only be 
because an increase in lipid per se does not prove that there is a 
adrenal function. Altered structure in tlie body so commonh rf « » 
altered function, however, that it is reasonable to take the 
the increased cortical lipid is an indication of altered cortical 
activity. This interpretation is supported by and consistent in i 
known facts relating adrenal cortical actmty to tiie blood ^ 

It is not yet known how the adrenal cortical hormones arc Q 
in the body, but it is well known that many of them arc s er 
structure. The amormts, however, ate not sufficient ® ^ 
section (Kendall, personal communication to Liclitman 
1946, p. 78), and our methods of analysis were calculate 
demonstrate gross changes in cortical lipid conten , 
considered that the cortical lipids might reasonably )e ^ 
elaboration of the steroid honnones and that f j-buioe 

found to be present they would be a strong indication o a 
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in the elaboration of these hormones. The sudanopliil staining 
method appeared to ho of pnrlionlnr value because the distribution 
of tetosteroids and cholesterol corresponds closely with the intensity 
of sudanopliil material in the human adrenal cortex (Saroson, 1943). 

The possible association in man between abnormal cortical steroid 
production and hypertension is supported by the evidence of tho 
pressor effects of desoxyeortieosterone and other reloted steroids. 
Although in man there are no known ill effects of overdosage with 
natural cortical extracts, the synthotio steroid desoxyeortioosterono 
acetate, wliieh restores tho blood pressure and maintains life in 
Addison’s disease, produces hypertension when given in excess, both 
in Addison’s disease (Ferrebee el al., 1939) and in patients without 
disease of the adrenals (Perera el al, 1944), In rats, desoxycorti- 
costerone and many related steroids have a pressor effect (Grollman 
ei al, 1940). This hypertensive effect of desoxyeortieosterone is 
highly specific and was found by Perera to bo independent of the 
retention of sodium ions or of an increase in tho circulating blood 
volume. Soffer (1946), while recognising that tho mode of action of 
this substance is still higlily speculative, makes the interesting 
suggestion that it might play some part in tho metabolism of the 
kidneys and thus affect the production of the renal hypertensive factor. 

There is a striking contrast between the changes in Addison’s 
disease, in which there is loss of adrenal cortical secretion, low blood 
pressure, inability to retain sodium ions, diminished efferent glomerular 
arteriolar tone and lowered glomerular filtration pressure, and the 
changes in essential hypertension, in which there is an increase in 
cortical lipid, high blood pressure, increased efferent glomerular 
arteriolar tone and relatively raised glomerular filtration pressure. 
In Addison’s disease the relative decrease in glomerular filtration 
pressure persists oven when a normal blood pressure is maintained 
by desoxyeortieosterone or supplementary sodium chloride therapy 
(Talbott ct al, 1942). In essential hypertension increased tone of tho 
efferent glomerular arterioles is one of the early abnormal functional 
changes in the kidneys (Goldring and Chasis, 1944). 

These pathological conditions of hypotension and hypertension 
emphasise the association between the adrenal cortex, the efferent 
glomerular arteriolar tone and the blood pressure. It seems more 
than a possibility that tho adrenal cortex can act as a guardian of tho 
glomerular filtrate by producing an increase in efferent glomerular 
arteriolar tone, the general blood pressure being geared to tins 
increase of tone so that in the glomeruli the blood flow and filtrate 
are preserved despite the efferent arteriolar constriction. How this 
control is exercised is not clear. There is some evddence, however, 
that the pressor agent renin is released from the afibrillar cells of the 
afferent glomerular arterioles (Goormaghtigh, 1939) ; there is thus a 
gearing pressor agent conveniently placed to produce its greatest 
pressor effect on the efferent glomerular arterioles and a smaller 



612 


J. A. FISH EH AND T. F. HEWER 

but mdely dispersed pressor effect on the general systemic 
It is feasible that the adrenal cortex in its role of safe^wrdm? 
glomerular filtrate acts through this pressor agency, either bv in- 
creasing the production of renal pressor substance w by iacrea^n; 
the arteriolar reaction to this substance. It is generally occep(4 
that the adrenal cortex is an important guardian of the sodium conirnf 
of the internal emdronment, especially by the control it excrcl-*-; 
on renal tubular activity. This control, obviously of fundameat.i! 
importance to the orgatiism, can only be effective in the presence of 
an adequate glomerular filtrate. The possible role of the adrenal cortex 
in safeguarding the adequacy of this filtrate is therefore a role -Rhicl 
is complementary and adjuvant to its vital sodium-regulating actirity 

The concept of a normal adrenal cortical pressor meehanisra 
directed to the maintenance of the glomerular filtrate and perhap- 
correlated with the renal tubular sodium-conserving process is 
tentative, but it appears to be consistent with the known disturbances 
in disease. These disturbances in essential hypertension include an 
increase in adrenal cortical lipid, in efferent glomerular arteriolar ton<’, 
and in the systemic blood pressure. The present concept suggests that 
these disturbances in essential hypertension may reflect variation in a 
single normal process by which the adrenal cortex maintains tb 
glomerular filtrate. 

Stoimasy 

1. A study was made of the adrenals in 55 cases of cssenfhj 
hypertension, 15 cases of renal (post-nephritic) hjpertension and o' 
non-hypertensive controls coming to autopsy. 

2. In both essential and renal hypertension there was a sigiu can 

increase in adrenal cortical lipid. 

S. The possible significance of these findings in the patho^nc.i- 
of essential hypertension is discussed and it is suggested t la 
may all reflect variation in a single normal process bj wuci 
adrenal cortex maintains the glomerular filtrate. 

We are deeply indebted to Mr H. Todd, of the Department of ifat 
timversvty of Bristol, for tlve whole of the statistical analjsh. 
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HEPATIC ALKALINE PHOSPHATASE : HISTO- 
LOGICAL AND MICROCHEMICAL STUDIES ON 
LIVER TISSUE IN NORMAL SUBJECTS AND 
IN LIVER AND IN BONE DISEASE 

SheHiA. Shebeock, Boit Memorial Besoarolv Fellow, 
and Veryas Waism; 

Vrovn thp DspartmcntB of JUcdiciuo oitd Pothologt/t 
British Postgraduate Medical School, London 

(PEATE3 XCI-XCVI) 

The increase in Bcrimv allraline phosphatase in obstructive jaundice 
over that found m primarily parenchymal liver disease has been 
shown to ho of practical diagnostic value (Sherlock, 1940). The 
moohamsm of tills change in jaundice is, however, uncertain, and in 
particular the origin of the phospliotase, whether osseous or bopatio, 
remains in doubt. Gomori (1939) has described a histological technique 
for the demonstration of Vicpatio alkaline phosphatase. It was 
thought that the application of this method with actual microchomioal 
analysis of hepatic alkaline phosphatase, not only in liver disease, 
but also in bone disease with raised serum alkaline phosphatase, 
might provide useful information. Aspiration biopsy specimens were 
used, as well as hepatic samples obtained at operation or more rarely 
at autopsy. This enabled us to study the changes occurring during 
the course of the illness and to make comparison with alterations in 
the blood level of the enzjTno. 


jIethods 

Luer tissue was obtained by tho ospiration biopsy techmquo previously 
described (Sherlock, 1945), occosionuUy at surgical operation. As has been 
noticed by Waclistem and Zok (1947), post-mortem material obtamed mere 
than 8 hours after death, often sboivs an uorcliablo pliospliatoso pattern : it 
ivaa therefore discarded. Qiiantitativo analysts elioned that tho phosphatase 
remained for 48 hours after death, and material unsuitable for histologj was 
sometnnoa used for chemical analysis. Tho hepatic samplo was immediately 
dn ided mto two portions Ono piece was used for ehemical analysis, tho other 
fixed immediately m absolute aleobol for histologj-. 

The hislochemical method was essentially that of Goroori. Tho tissue waa 
incubated with bulTered sodium glycerophosphate at a suitable pH, the phos. 
pliato spilt off and the ions trapped by calcium nitrate, formmg the insoluble 
calcium phosphate The calcium phosphate was choiiged to cobalt phosphate, 

J PATH BACT—TOt tlX f> 
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which, acted upon by ammonium sulplncle, is deposited as black cobalt f,', > 
Various incubation times avere tested. Tn-o liours proved tho moit 
in that it demonstrated little activity in sections from nomn) svhiech- m'L- 
with those seen in pathological states. In ever.a- instnneo a control w'ira 
used in which the glycerophosphate was omitted. Tho cotmter-ftam'nfh 
by Kabat and Furth (1941) was foimd unnecessary and coiifaq’ng. Tonb 
comparative results a section from a prececUng batch was included in wdi : 
group of sections stained. The preparations were permanent. 

Microchemical method. A portion of each liver specimen nns wd; 
transferred to a small mortar and ground up with sand and a fcir t)n^n 
0-001 M phosphate buffer at pH 7-0. The mi.v-tiire was carefully iradicd i 
more buffer into a graduated cjdinder and a 1 ; 100 e.vtract made. A fered 
of toluene were added and tlie extract left to niitolj-se at room tcmpir,'. 
for 48 hours. The extract was then centrifuged and 0-2 ml. of the siijvnu 
used for the test and 0-2 ml. for the control. The estimation wis cairird 
exactly as for phosphatase in serum (King and Armstrong, 1934), except 
the time of incubation was 30 minutes. If there was v-ery little colour p.^ 
after 30 minutes’ incubation, the estimation was repeated, incnlmtinr 
sample for 60 minutes and allowing for this in the cnloulntion. Smun nlk; 
phosphatase was determined by the method of King and ,\rmstrong. 
normal range is 5-10 units/100 ml. Serum bilirubin was tlctcrminei by 
method of Haslewood and King (1937). 

CnnsUCAI- JUTERUI. 

1. Normal subjects (27). These were patients convalescent from iion-ho; 
diseases. In ex^ery instance in which they xx’ero investigated, the senimhilirtil-a 
concentration was less than 1 -0 mg/100 ml. and tho serum alkaline p}jo«pb'*^’‘’ 
less than 10 units/100 ml. 

2. Acute hepatitis (28 cases). This group included simple iafectioinliepTi'-'.* 
(15 cases), jaundice following serum infusions (2 cases) and jaundice occiimr: 
•during the course of arsenical therapy for syphilis (11 cases). Tl'e inatew- 
was grouped according to the probable percentage of survix-ing hepatw a’ -s 
The grading was done on numbered .slides from A to D, grade D being <he nv>. 
severe (Sherlock, 1940); “diffuse” and “zonal” types of hepatitw^w^ 
recognised (Dible, SIcMichael and Sherlock, 1943). In three patients tbe t- 
was of longer duration and the hepatic histology xvas that of subacute nece - 

In 1 1 patients more than one biopsy was performed during tlic ^ 
the illness. A further group of S had suffered from acute hepatitis t'vo a) ■ 
to six years prexdoxisly and had noxv made a clinical recoverj-. ^ M-iiif'te 

3. Obstructive jaundice (26 cases). In ox'ery instance there xxw •' 

obstruction to the common bde duct, confirmed at operation or ou 
stiffered from gallstones, one from chronic pancreatitis, 3 k?cnti-'. 

disease or carcinoma of the stomach xrith enlarged glands in the po -/f-om 
11 from carcinoma of the ampulla of Vater or Ijcnd of tho pancrca. a 
carcinoma of the main bile ducts. . ^ tie 

In 9 instances more than one hepatic sample xx'as n\oia> 
progress of the obstruction or after its release. _ _ . „ 

4. Cirrhosis of the liver (8 cases). An arbitrary division into nc 

and latent (4 cases) was made. _ , 

5. Generalised bone disease (C cases). In every ms nnM aikeba*' 

logical or post-mortem evidence of bone inx-oKcment. i one f'-Ot 

phosphatase was raised. Foxir suffered from Paget’s disuse o ’ ).;iJ 

carcinoma of the prostate xvith skeletal metastases an on 
carcinoma xvith secondary deposits in bone. 
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Resums 

TIio general Iiiatological distribution of the phosphatase is shown 
in table I. TJio results of chemical analysis and the serum enzyme 
levels are shown in tables II and III and fig. 1. 

Tadlc I 


General Inalological disiribulion of allahnc phosphatase in the liter 



I her cells 

Hcpsllc slnusol Is 

Intralobutar bile 
canallculi 

Nonnal subjects . . . 

Mainly 

nuclear 

Absent or 
central 
area only 

Absent 

Acute hepatitis 

Obstructive jaundice 

Increased 

Increased 

Usually absent 

Incrcaswl 

Increased 

Increased 

Generalised bone disease 

Increased 

Increased 

Increased 


Table n 

MicrocJtemical hepatic alkaline phosphatase 



bo of 
cases 

Kcpatic alkaline 
rhmnliaUse 
(unlts/j) 

Scnim alknllnc 
nhosphatav 
(iiniu/lOO ml ) 

fecrum bltlnibln 
(mg Hoo ml ) 


Catiee 



w|g|l 

Hange 

Kormal 

17 

2*40 

6 0 4 

0 

03 

06 

1 005 

Acute hepatitis 

11 

6 78 

180 1 0 

21 

48 12 

11‘2 

22 0 3 6 

Grade A 

3 

2 14 

38 10 

10 

22 12 

CO 

1003 6 

Grade B 

3 

3 2G 

4 22 6 

21 

30 14 

11 5 

11 05 0 

Grade C . 

1 

0 00 


12 


12 6 


Grade D 

2 

13 60 


17 

21.12 

16 0 

18 0.12 0 

Subacute necrosis 

2 

IMO 

13 884 

35 

48 23 

17 5 

21 0-14 0 

Obstructs e jaundice 

1C 

10 24 

21 8 3 8 

54 

130 21 

11 1 

1904 0 

Generalised bone disease 

5 

0 96 

10 S 3 G 

64 

85 48 

0 7 

1005 


Normal subjeots 

Histology 

lAver cells in every section show phosphatase activity in both 
nuclei and cytoplasm (figs 2 and 3). In the nucleus the enzyme 
IS present in the nuclear membrane, chromatin network and nucleoli. 
The cytoplasm gives a faint brown reaction, wth phosphatase- 
containing granules of various sizes inconstantly present in the cell. 
The enzyme is zonally distributed in the lobule. The colls adjoining 
the central vein show most, followed by the periportal area ; the 
mid-zone shows least. 

Sinusoids. The walls of the central hepatic veins constantly show 
enzyme activity (fig. 3). The^allsofthe sinusoids are variably stained. 
In 14 cases they are unstained. In 13 the sinusoid stains only as it 
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nuclear phosphatase only: the lining is not stained. l>ohTr,r..i. 
show their usual nuclear activity. Lymphocjtcs contain 'varii'.' 
amounts of phosphatase. Connective tissue does not give a rencfion 

Microchemical values 

The mean phosphatase value for 17 subjects was 2-4 (range .VG fi-4) 
units/g. In only five instances was the hepatic ])liospliala-e !evd 
greater than 4 nnits/g. (fig, 1). 

Serum phosphatase values were always withui normal limits (fi«. 1). 


Acute hepatitis 
Histology of acute stage 


Liver cells contain variable amounts of phosphatase. Snrvivinr 
cells usually show an increase in both cjdoplasm and nucleus, Tk 
general colour of the cell is darker and the number and size of tk 
granules excessive. Maximal cell damage is in the centres of tie 
lobules. Here many of the necrotic cells contain quantitic.s of bik 
pigment. In Gomori-stained preparations these cells show hr« 
quantities of enzyme (fig. 7), cjdoplasmic details being ob-sciircd. 
Sinusoids. The wall of the central vein is constantly stainc'!. 
The walls of the sinusoids show greater enzj'matic activity and are 
much thicker than normal (figs. 4 and 7), The sinusoids are ?tain«l 
in every section and in 18 out of 28 cases this extends tlirougliout th-’ 
lobule, always being maximal centrally. The disappearance of rentrd 
cells has led to condensation of the sinusoids (fig. 7). The proliferated 
sinusoidal cells and the infiltrating poly^morphs and hunphocrlc' 
show great nuclear and to a less extent cytoplasmic actuity. 

Intralobular bile canaliculi are again inconspicuous. In C on(( o 
the 28 cases is there patchy filling with phosphatase. The canalicin 
are thin. Central zone bile thrombi show much phosphatase. 
times the thrombus is more darkly stained at its centre than at t - 
periphery (fig. 8). _ , 

Portal tracts. The portal vessels show their usual - 

activity. The proliferated bile ducts show nuclear phosphatS'^ 
none in the cytoplasm of their lining epithelium. The conjpieo 
portal cellular infiltration usually gives a strong reaction V' 
the nuclei of polymorphs, lyonphocytes and histiocytes hemg | 
Although the older connective tissue shows only’ nuclear 
occasional young fibroblasts have both cytoplasmic an n 


tosphatase. 

Relation of pliospliatase activity to severity tyd ° 

patitis. In general, the more widespread 
osphatase is histologically demonstrable in the Iner. ' 
jas consist of disintegrating liver cells, collapse an( 
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Fio'.' 3.— ConvRksecnt dTOdoncit ulccf, J. B., ngcd 54. Liver showing normnl iihospimtnso 
iiotivity. Serum phosplmtaso 3 unils/100 ml. ,• hepatic phosphatase 1 '0 units/g. X U5. 


u. 3 — Snme case as m fig, 2 Centre of 
lobule shoeing pbosphatflfie m the Mails of 
t)ic < introHom unci smusoids Pbosphntnw? 
IS also '<eeii i» the hopiitic tell nviolej und 
Ljtoplaifn X JJo 


Fio 4 — Ac\ito hepatitis, case 1, F M , aged OO, 
jaurwliced*! days. Serum biJirubm 14 Omg /'lOO 
ml, phosplmtnso 17 vmits/lOO ml Grade D 
hepatitis Sinusoids contain much phospliJitoae 
Many hver cells lm\o disappeared, aunuung 
cells contain a normal amovint of phosphatase. 
Bile cnnaliculi aro not stained. The portal 
tracts show phosphatase only m the nails of the 
blood vessels, x 120, 
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sinusoids, lymphocytes and red cells, all of which show much enzyme 
4). The diffuse type of hepatitis is therefore associated with 
maximal phosphatase increase. The phosphatase content of the zonal 
typo is variahle, largely depending on how much is present in the 
portal tract cellular accumulations. This is unpredictable from case 
to case, or from time to time in any one case (c/. figs. 4 and 5). 

Subacute hepatic necrosis. All three cases show remarhnble 
increases in phosphatase. Surviving parenchymal nodules contain 
cither a normal or an excessive amount, both cytoplasmic and 
nuclear. Cells isolated in areas of necrosis show very variable 
amounts. Some contain none; others, svhich in control sections 
show bile, have excessive amounts. Occasionally the remaining liver 
cells assume an acinar appearance and surround plug.s of bile which 
show phosphatase activity (fig. 8). The wide areas of necrosis 
between the liver cell nodules, as in the acute stage of hepatitis, 
give a strong phosphatase reaction (fig. 8). 

Changes during recovery from acute hepatitis. The Speed of 
liver coll recovery is very rapid. The excessive hepatic phosphatase 
decreases much more slowly. With recovery tlio dilatation of the 
central sinusoids is no longer seen. The necrotic cells are removed and 
replaced by liver cells with a normal phosphatase content. The 
enzime in the sinusoidal walls persists and is often increased (c/. 
figs. 4 and 6), and may spread further through the lobule. Occasionally 
for the first time phosphatase appears in the bile canaliouYi. The 
portal tracts with their Ijunphocytcs and young fibroblast, s usually 
show much phosphatase (fig. 6). 

Return to the normal distribution occurs a variable time alter the 
beginning of recovery. Multiple biopsies were performed in 11 
patients. In some, routine sections show healing apart from portal 
tract scars ; in others, studied earlier, the cellular recovery is not so 
complete. In 7 patients 9-06 days (mean 33 days) after the first 
biopsy tliere is no diminution. In another three an inten-al of 25-3S 
days resulted in some decrease, but the amount of phosphatase was 
still greater than normal. This also applied in the case iiliistrated 
51 days after the first biopsy (figs. 4-G). 

In a further group of 8 cases, the liver biopsy was performed for 
the first time when clinical recovery from acute hepatitis was complete. 
Routine sections showed normal hepatic histology, apart from some 
portal tract scarring. In three eases 6 years, 19 months and 7 montlis 
after the acute attack the distribution of hepatic alkaline phosphatase 
was normal. In the other five, studied 2-9 months after the acute 
attack (mean 5-4 months), there was a conspicuous increase in the 
phosphatase, mainly in the sinusoidal walla. 
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Microchemical values 


Results were scattered, but there was a significant increase of tic 
mean over that for normal subjects (table II and fig. 1). In general, 
the more severe the liver cell damage, the higher was the concentration 
of hepatic phosphatase (table II). The truth of tliis ob 5 er\'ation 
cannot be established on such a small series. If, however, the values 
for the milder grades A and B are compared with those of the more 
severe grades C and D and for subacute hepatic necrosis, a conspiciion* 
increase in the latter is seen. Furthermore, the value for each patient 
in grades C and D and in subacute necrosis is greater, tlian that for 
each patient in grades A and B. In two patients the hepatic alkaline 
phosphatase was measured during the acute stage and after clinical 
recovery. In neither was there a significant fall (table III). In two 
other subjects a raised hepatic phosphatase — 8-8 and 6-6 unii?/g,— 
was obtained 9 and 6 months after clinical recovery from the hepatitis. 

Serum 'phosphatase values. In 26 of the 28 subjects the scnim 
phosphatase was greater than 10 units/100 ml. There was little 
correlation between the serum and hepatic phosphatase (fig. 1). 
During recovery, the slow fall in hepatic phosphatase was associated 
with a slow fall in the serum level. In 7 of the 11 subject in whom 
a second biopsy was performed, although the serum bilirubin con- 
centration was less than 2 mg./lOO ml., the serum phosphatase was 
still greater than 10 units/100 ml. Of the five cases studied at a later 
period (2-9 months after recovery), only one had a serum phosphatase 
greater than 10 units/100 ml. This suggests that the scrum 
phosphatase, although slow to reach normal, does so more qiiic ) 
than the hepatic value. 


Illustrative case 1 

F. M., 59-year-old conductor. 10.2.44 ; had his last 
neuro-syphilis, 26.2.44 ; anorexia and epigastric pain. 28. • ' i 

8.3.44 ; admitted to hospital deeply jaundiced. Liver cnmrg -jpnent 
right costal margin, smooth and tender. Spleen also palpa o. ' 
present in urine but no urobilin. Clinical diagnosis : arseno , .,., 1 . 

jaundice. 9.3.44; serum bilirubin 14-C mg./lOO ml., alkalme- 

17 imits/lOO ml. f'lis feradoD)- 

First aspiration biopsy (fig. 4) shows an extremely sev ere lepa i 
Phosphatase-stained sections show the disappearance of lo jviiy. 

place being partially taken by collapsed sinusoids showing grea 
Phosphatase is not seen in the c'analiculi : portal tracts con a 
only in the walls of the blood vessels. „] yj 4 ; feline 

18.3.44; drowsy; rectal bleeding ; ® alkoiffi*! 

better ; urobilin present in the urine ; serum bilirubin mg./ 
phosphatase 11-5 units/I 00 ml. . . of cellah-f 

Second aspiration biopsy (fig. 5) shoivs the 
recovery. Sinusoidal walls still heavily stained and in new filroiH 

Portal tracts now show phosphatase activity in Ijnnphocy 

tiasue. . „ n,tr./i00 m'.* 

3.4.44 ; recovering uneventfully ; serum biliruhm - 

phatase 15-5 units/100 ml. 
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Fio S— TheSAniocft'^oaainfi8.4,2Ut<lfty<Jfirtuncitc<i Scmm bilirubin 14 mg flOOml , 
plio8phntn'»o 21‘5 umt^/lOO m) Tlicro lm« been grent regcncrntion of b\cr cells. 
Jyliicb plioaplintftao is seen m iho •walls of iho sinusoids Tiiero la patchy filling of tho 
bite canaUcaUiritU phosphntaso. Portal tracta also show excess of enzyme X 135. 



Fio 0— Same case as in figs 4and5, 72nd day of illness Serum bilirubin 0 5 mg./lOO 
ml , phosphatnsQ 12 units/lOO ml. Lirer cell restitution is almost complete The 
amount of pho<?phataso w slightly less than is sUontu m fig 5, but is still increased 
m smusouls unci portal tracts Scattered brio conaheuh also show phosphatase. 
X133. 
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Fiq. 7, — Acute hepatitis, F. P., nged 32; jaumliccd 10 day^. Serum biltnibm 
18 mg./lOO ml., phosphatase 12 umta/lOO ml. Centro of lobule showmg intense 
phosphatase activity m the walls of the central vein and sinusoids. Some 
necrotic liver cells also show phosphatase. TIio bile canalicuh are not seen. X 235. 
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Flo 8 — Subacute bepatic necrosis, F., nged 3 months ; 13 days jnumUced. Serum 
bilirubin 22 5 mg./lOO mh, phospliataRo 48 units/100 ml. ; hepatic phosphatase 
8 4 umts/g The nodule of surMving liver cells contains normal amounts of 
phosphatase. T.t\er colls avirrownd n bde tlwombvis which shows phosphatase 
activity. Surrounding collapsed Binusoids. remains of hver cells, lymphocytes 
and connective tissue rIiow much phosphatase. x240. 
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11 —Bronohiftl carcvnoma \TjtU -ilclcttil mctastiwos Pho^phcitnso i<s wen m the 
sinusoids nnd bilo cnnftliciilt X 340 



Fia 12 — Paget s disease of bono L , nged 60 Sorum phosphntoso GO units/100 ml 
liepatiG phosphatase 10 8 tinits/g A ^ery intense phosphatase reaction is seen 
in the hier cells, sinusoids and bilo canahcult X 13i 
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Third asjjiralwn biopsy shows further recovery of liver cells towards tho 
central vein. Sinusoidal phosphataso is lees, and tho canalicular enzyme is still 
patchy. Portal tract infiltrations are still present. 

2.8.44 ; complete clinical recovery, liver now just palpable j serum bilirubin 
0-5 mg./lOO ml. ; alkaline phosphateso 12 units/lOO ml. 

Fourth aspiration biopsy (fig. 0). Kixesaivo phosphatase still present, but 
less than in biopsy 3. Sinusoidal and canalieular phosphatase still obvious. 

Tho points to bo noted are (1) the increased hepatic phospliatase at tho 
acute stage of this very severe hepatitis ; (2) tho slow disappearance of the 
enzyme from the liver, excess still being present on the COth day of illness when 
clinical recovery was complete ; (3) the appearance of phosphatase in the bile 
canaliculi during recovery. 


Obstructive jaundice 
Histology 

Liver cells. There is a constant increase of phosphatase in tho 
cytoplasm, hoth granular and diffuse. The granules, ns usual, are 
mainly in the central cells and to a lesser extent in the periportal 
zone. Unstained control sections show that the increased granules 
often correspond tvith increased intracellular hile pigment. The 
nuclear chromatin membrane and nucleoli also show a heavy inoreaso 
in phosphataso. 

Sinusoids. The sinusoidal walls show a constantly increased 
activity over that seen in normal subject.s (fig. 0). The most con- 
spicuous increase is towards tho central vein, although the sinusoidal 
walls are often active throughout the lobule, with a further increase 
at the periphery. There is sometimes distension of tho sinusoids ns 
they approach the central vein. Their walls are thickened, and 
sometimes they appear full of phosphatase (fig. 10). Sinusoidal endo- 
thelial cells, Kupffer cells and polymorphs show increased activity. 

Bile canaliculi, thrombi and necroses. In every case there is 
conspicuous canalicular enzyme. In 11 instances this extends through- 
out the lobule : in tho other 15 it is confined to the central and 
periportal regions. The distribution is never patchy, as described in 
acute hepatitis. The channels are widened and distended, hoth in 
their intra- and extra-cellular courses (fig. 10). The focal biliary 
necroses of obstructive jaundioe consist of a central extravasation of 
bile surrounded by disintegrated liver cells. The bile shows phos- 
phatase activity, often confined to its centre : the surrounding zone 
shows only nuclear enzyme. 

Portal tracts. Tho bile duet epithelium shows no cytoplasmic 
phosphatase, though it does show intense nuclear enzyme. Some- 
times the bile ducts contain plugs of bile, and these also show much 
phosphatase. There is staim'ng of the polymorphs and of the endo- 
thelium of the portal vein and hepatic artery. Lymphocydes and 
fibroblasts stain variably. 

Relation to duration of obstruction. On the basis of this 
small senes a close relationship between the duration of the ohstruo- 
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tion and the histological amount of phosphatase cannot be established 
Of four patients in whom jaundice had existed for less than 14 days 
three showed amounts below the average for the whole series the 
fourth was above average. After about a fortnight there seemed io 
be little correlation with duration. This was confirmed when serial 
biopsies from five patients during the course of unrelieved obstruction 
were studied. One only increased from the 48th to the lOOtJi dav. 
Two others apparently diminished from the 63rd to the 76th and from 
the 28th to the 76th. day. The remaining two, studied on the 3'tli 
and 81st days and on the 14th and 65th days, showed little change 
in the amount of phosphatase Iiistologically demonstrable. 

The effect of relief of obstruction. Excess phosphatase was 
slow to disappear fi-om the liver. Sections before and after relief 
of obstruction were available in six patients. In three, 6-8 weeks 
after relief, the serum bilirubin was 2-3 mg. per 100 ml. and the 
hepatic phosphatase' picture is unchanged. In three, 2-6 months 
after operation, the serum bilirubin was 0-5-1 -4 rag. per 100 mi. 
and increased cellular (sinusoidal and canalicular) phosphatase is still 
present, but in diminished amount. In all six cases bile thrombi 
showing phosphatase activity are still present. 


Microchemical values 

Scatter is again large, but there is a very significant increase in 
the mean over that for normal subjects (fig. 1 and table II). 

A patient in whom jaundice had been noted for only 5 dajs la 
the lowest value (3-8 units/g.). The other estimations were one on 
samples from patients jaundiced more than 14 days. In these ere 
was no correlation between the duration of the jaundice an ic 
quantity of phosphatase in the liver (table III). . 

Hepatic phosphatase diminished very slowly after 
. spontaneous relief of obstruction. Of the four cases in a e > 
41--195 days after relief the serum bilirubin concentration nas 
than 2 mg./lOO ml. but there was still a conspicuous increase i 

hepatic phosphatase. . 

Serum 'phospJiatrise vahies. In general, the h^her 
were associated with higher hepatic values (fig. 1)- j),en 

usually increases for the first 3 weeks of jaundice. a 
fluctuate, the trend being upward. This correspon ® ^ 

histochemical and microchemical changes in hepatic p osp 


Illustrative case 2 

F. B., housewife, aged 70 (case 1, table Iff). 4 fi-eight 6n 

following severe abdominal pain and vomiting. y not pa'pa'’'® ’ 

examination, deeply jaundiced, liver enlarged 4 cm., ' common tilo 

urine contained biie but no lu-obilin. Clinical diagnosis . 
duct. 
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^spiralioii biopsy 1, 2 G 40 Scotwns bIioxn fcatracB of obstructive jaundice. 
Hepatic cell, sinusoiilnl and canalicular pbospbataeo is excessite. Bile thrombi 
show enzymo activ ity. 

10 0 40 patient recovered spontaneously. 

Aspiration biopsy 2. Sections ahow a diminution in tho amount of enzjino, 
which, however, is greater than normal. Tlio canaheiili are still filled with 
phosphatase. 

The changes in serum bllimbin and pliosphataso concentration and in tho 
hepatic phosphatase arc shown m table III. Serum bilirubin fell. Scrum 
phosphatase vvas halved, wnth approximate lialvnng of tho hepatic phosphatase. 
Patient left hospital 5 8 40. SjTuptoma, mcUiding jaundice, recurred, and on 
20 10 40 the patient was re admitted. Cholecjstectomy was performed 11.11.40 j 
the gall bladder and common bile duct vvere full of stones. 

Operation hepatic hiopsi/ showed a histological picturo very similar to 
aspiration biopsy 1. Although jaundice was not so deop tho serum and hepatic 
phosphatase concentrations were as high os on tho first admission. 

Post operative recovorj was uneventful. Unfortunately the patient was 
re admitted with sjunploms of mtcstmal obstruction and died on 21.2 47 before 
a further operation could bo undertaUen. Post mortem examination showed 
small intestinal obstruction from postoperative ntUieaions 

Post mortem liter sections show less phosphatase m tho liver than on 11.11.40, 
but ainusQidal and canalicular increase over normal is still seen. Serum and 
hepatic phosphatase had quantitatively diminished, but were still greater than 
normal Serum bilirubin was normal. 

Points to bo noted are (1) tho close correlation between histological 
appearances and microchomical and serum pliosphataso values during the 
course of the illness i (2) the failure of serum and hepatic phosphatase to roach 
normal 102 daj's after final relief of the biliary obstruction. 


Hepatic cirrhosis 

Hislologt) 

Inacthe. Hepatic pliosphataso is not increased ; liver cell nuclei 
and cytoplasm show their usual complement and there is none in 
sinusoids or canaheuh. The interlacing bands of fibrous tissue aie 
mature and contain only a Uttle nuclear enzyme Portal vein and 
hepatic artery branches and the nuclei of bile ducts gito their normal 
reaction 

Active There is a change in tho distribution. Cytoplasmic 
phosphatase granules are vanable, sometimes increased, sometimes 
dimmished Cells distended with fat contain normal amounts, the 
phosphatase being pushed to the side of the cell nith tho nucleus. 

The hj-perplastio nodules show activity in then sinusoidal walls, 
and at the periphery the sinusoids are condensed by the disappearance 
of liver cells {fig. 16). Occasionally bile channels are seen forming a 
thin outline around the liver cclis ; often they are not obvious. The 
blood vessels and the nuclei of tho bile-duets in the connective tissue 
bands betw een the pseudo-lobules show activity. Polymorphs contain 
much phosphatase. Young fibroblasts show both cytoplasmic and 
nuclear enzj-me. The more mature fibrous tissue gives only nuclear 
reaction. 
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Serum phosphatase values 

These were normal in the latent and moderately increased /] 0 - 2.5 
units/lOO ml.) in the active group. 


Generalised hone disease with raised serum alkaline phosphatase 


Histology 

Bowline histology in every case was normal. 
lAver cells. Five of the six cases show increase of both nuclear and 
cytoplasmic enzyme. This is most conspicuous at the centres of lobules, 
Sinmoids. In every instance the sinusoidal phosphatase is 
increased. In the least severe it extends only from the central vein 
half-way through the lobule ; in the most severe every sinusoid is 
demarcated (fig. 12). 

Bile canaliculi. In five of the six cases phosphatase is present 
in the canaliculi. In two it merely outlines the liver cells : in tlie 
other three there is very deep staining of the intra- and extra-cellular 
canahouli throughout the section, being maximal towards the central 
vein and periportal vein. The canaliculi are never as thick or as 
distended as in obstructive jaundice (c/. figs. 10 and 11). Bile thrombi 
are not seen. 

Microchemical values 


In four of the five patients the hepatic phosphatase vas greater 
than 7-0 units/g. (table II). In the fifth case the value (3-6 units/g.) 
was within the normal range but higher than the normal mean. 

Serum phosphatase values. These were raised in all six cases. 
There seemed to be little relationship between hepatic an serum 
concentrations (fig. ,1). 

JUitslralive case 3 

A. V., clerk, aged 60. Admitted to hospital 14.1.47 with 
right buttock, thigh and foot. In 1939 he had a one-stage pros a e . 

examination an ill man ; liver not palpable ; tender over secon 
bilateral leg wasting with absent ankle reflexes. X-ray appears 
suggest secondary deposits from carcinoma of the prostate, ^ 

20.2.47 ; serum alkaline phosphatase 85-5 units/ 0 r’’.,nnl-re 3 i 3 tant 
phosphatase 16-5 units/lOO ml., of which 10-5 umts were 

(Ahul-I'adI and King, 1947). . . i.pnatic ptos- 

Aspiration biopsy 1 (fig. 13). There is a ^eat mcreos quantitative 

phatase in the lining cells of the sinusoids and oana ic i- ^ 

hepatic phosphatase was 7-2 units/g. The patient was e 
intramuscular dose of 40 mg. of oestradiffl benzoate^ ^ diological change in 


the 


1.5.47 ; symptoms had diminished. There was no phosphatase 

bones. Serum alkaline phosphatase 40 units/lOO r^., se 
21-5 units/lOO ml., of which 6 units were formol-resis an . sinusei^a' 

Aspiration biopsy 2 (fig. 14). There is a dimmu ^ units/g- 

and canalicular phosphatase. Quantitative hepatic p o P ju jtver celb/ 

The points to be noted are (1) the distribution o . j^ntnse foiio'viDg 
sinusoids and canaliculi ; (2) the fall in serum and hepatic pUosp 
oestrogen therapy. 
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Kio. 13 — Prostatic carcmomu \Mth skeletal 
metustttss'i, caso 3, A. V,, ngcd GO, Scrum 
alkaUno phosphatase 85 5 umts/lQO ihI , 
hepatic phosplmta«o 7 2 umts/g, rho-* 
phnta^e is ’iptn m \\\eT erWs, Rmxtsoul-^ and 
(uiiahculi xl2o 


Fio. 14. — Same caso as m fig. J3» 44 days later, 
after oestrogen treatment. Sentm alUolmo 
phosplmtaso 40 wmtsjlOO ml , hepatic phos- 
pl)ntnse4*Gunits/g. ThoKcpaticpho«pljataso 
has dimmisheij It is seen m tho 
and m tho bilo ennahenU at the penphoiy' of 
the lobule. X 1 23. 


f 

i 



Fifj n.— -Hepatic cirrhosis, S H., aged S'l. Seriwn bihnvbm I 3 mg /lOO ml , phos- 
phatase 14 umt<!jl00 ml Phosphatn«?o is seen m tho walls of the smusoids and 
m tho bands of connective tisstio. Proliferating bile ducts show only nuclear phoa. 
phatQse. X 145. 




hepatic alkalihe phosphatase 


627 


Discussion 

One of the purposes of this investigation was to deckle whether 
Gomori’s histological method was a true reflection of quantitative 
changes in the hepatic alkaline phosphatase. It was also hoped to 
obtain values for hepatic phosphatase that might be subjected to 
statistical analysis. It was gratifying to discover a fairly good 
agreement of the results obtained by histological and chemical 
methods. That the correlation is not eloser is not surprising. Indeed, 
study of sections stained for phosphatase did not enable a pirediction 
of the exact results of chemical analysis to be made with any certainty, 
though a rough quantitative assessment was usually possible. 

There are various difficulties in making a comparison of the two 
methods. There must be a small sampling error oven though adjacent 
areas were taken for the two methods. On the other hand, analysis 
of multiple larger samples obtained at operation has shown good 
agreement between neighbouring portions of liver. Tiiis sampling 
error will obviously be less in normal subjects and in obstructive 
jaundice, where the histological picture is reasonably uniform, than in 
acute hepatitis, where the pathological process is more patch)’. In 
cirrhosis the liver lesion is so irregular that no attempt at chemical 
analysis was made. 

Another source of error in the small biopsy samples is the irregular 
distribution of alkaline phosphatase in the lobule itself. There is a 
variation from one biopsy to another in the number of portal tracts 
or central veins and hence analytical values may also differ. This 
enor is lessened as the number of samples is increased. 

Another difficulty lies in comparing results from alcohol-fixed and 
fresh tissue. The alcohol dissolves out blood from the sinusoids, but 
chemical analysis includes this. In patients with similar serum 
phosphatase values this error will bo about the same : where these 
differ, the difficulty is unavoidable. The poor correlation between 
hepatic and serum phosphatase levels suggest that it is unimportant. 

Although a hepatic origin for serum phosphatase has been suggested 
<Bodansky and Jaffe, 1033-34 ; Greene e( a!., 1934 ; Freeman ct at, 
1938), other workers believe that the liver merely excretes it 
(Armstrong, King and Harris, 1934; Armstrong and King, 1935). 
Our findings are in keeping with the latter view. 

If the liver were the main source of alkaline phosphatase the 
hepatic level would bo expected to fall rather than rise with increasing 
severity of hepatitis. Sforeover the enzyme in hepatitis is distributed 
in the sinusoids and liver cells end not in the bile channels. This 
suggests retention in both liver and blood, the injured liver cells 
haying failed to excrete the phosphatase. In a few instances patchy 
filling of the canaliculi is seen. In these cases the small amount of 
phosphatase excreted by the liver cells is held up bv the intralobular 
block of the bile channels. This intrahepatic obstruction in hepatitis 



628 


S. SHERLOCK AND V. WALSHE 

has already been described (Bible et al). With recoverv the 

is reHeved, with resulting flooding of the bile canalicuU irith 
phosphatase. 

In obstructive jaundice phosphatase is seen wherever there is bile 
stagnation. It is therefore demonstrated in the bile-stained liver 
cells and in the bile canaliculi, in bile thrombi and bile necroses. The 
exeretion of the phosphatase in the bile is clearly being prevented 
by the biliary obstruction. The enzyme in the walls of the hepatic 
sinusoids could be a reflection of an increased serum level or could 
represent obstruction to the excretion of phosphatase by the liver. 
The obstructive jaundice studies therefore give little information as to 
the source of hepatic alkaline phosphatase. 

In generalised bone disease, routine histological staining has failed 
to demonstrate a hepatic lesion, yet the hepatic phosphatase is 
quantitatively increased and the Iristologica] distribution is identical 
with that of obstructive jaundice. In these cases the bone disease is 
associated with a rise in serum phosphatase and an increase not only 
in the sinusoids but also in the bile canaliculi. Moreover, treatment 
of the bone condition with consequent fall in serum phosphatase is 
associated with a quantitative diminution in hepatic phosphatase in 
both sinusoids and bile canaliculi. 

Both Wachstein and Zak (1946, 1947), studying Gomori-stained 
sections of liver from the dog and also human post-mortem material, 
and Jacoby (1947), using rat’s liver, have found a remarkable increase 
in bile capillary phosphatase in obstructive jaundice. Wachstein and 
Zak (1946) conclude that the increase in serum phosphatase in liver 
damage is due to inability of the liver cells to excrete the enzyme 
rather than to increase production in the liver itself. Biopsy materia! 
and microchemical analysis have not hitherto been used for phos- 
phatase studies in man. Further investigations along these lines are 
needed. Concomitant estimation of the bile phosphatase ie^e m 
experimental bile fistulae, especially in generalised bone disease, ma} 
provide further useful information. . , 

Morris and Peden (1937) suggest that the increased serum piiojj, 
phatase in obstructive jaundice can he related to the 
bile in the intestine. This is said to interfere with fat an 
absorption and to result in osteoporosis. Phosphatase ^ 
from the bone in large quantities. The increased serum an 
phosphatase, not only in jaundice but also in bone disuse, 
therefore have a similar causation, namely inere^ed jg’n 

bone. Various observations make this theory unlikely, n 
obstructive jaundice by an external biliary fistula res s 
serum phosphatase, even though bile has not resche a 
Return of fistula bile to the intestine does not alter t e ra 
the serum phosphatase. The serum phosphatase m o , 
jaundice cannot be reduced by the intravenous injec ion 
(Sherlock, unpublished observations). Moreover, m ug», © 
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one hepatic duct causes a rise in the sernm-phosplmtaso level (Schiffmann 

and Winkelman, 1939). r i i * 

The explanation of tho slow rate of (hsappoaranco of phospimtaso 
from the liver during recovery from acute hepatitis and ohstruotivo 
jaundice is uncertain. The liver scorns to find the excretion of phos- 
phatase more difficult than that of bilirubin, thus provdding an interest- 
ing correlation with the slow fall of the serum phosphatase already 
noted during recovery from hepatitis (Sherlock, 1946). 


SnJDIARY 

1. The histological distribution and microcheraical analysis of 
alkaline phosphatase in tho liver in normal subjects, acute hepatitis, 
obstructive jaundice, hepatic cirrhosis and generalised bone disease 
have been studied, using material obtained by aspiration biopsy, at 
operation, and in a few instances, at autopsy. Results have been 
compared with tho serum phosphatase levels. 

2. In normal subjects the phosphatase is found in the hepatic 
cell nuclei. Minimal amounts only are present in the sinusoidal 
wells. Tho moan hepatic alkaline phosphatase is 2-40 units/g., the 
mean serum enzyme 0'2 King-Armstrong units/100 ml. 

3. In acute hepatitis the phosphatase is increased in both hepatic 
cells and nuclei. The sinusoidal w'olls contain large amounts. Tho bile 
canaliouli do not usually contain the enzyme. The mean hepatic 
alkaline phosphatase is 0-78 units/g. Tho mean.serum cnZjmo value 
is 21 units/100 ml. Histologically and chemically the hepatic phos- 
phatase increases with increasing severity of tho hepatitis. Recovery 
reisults in very slow diminution of the hepatic enzyme. 

4. In obstructive jaundice the phosphatase is increased both in 
the hepatic cells and in the walls of tho sinusoids. Tho bile canaliouli 
arc full of the enzjTne. The mean hepatic alkaline phosphatase is 1 0-24 
units/g., the mean serum enejune 54 units/100 ml. After the first 
fortnight of jaundice there is little correlation with the duration of tho 
jaundice. Relief of obstruction results in very slow diminution of 
hepatic phosphatase, 

5. In inactive hepatic cirrhosis hepatic phosphatase is not 
increased. Serum values are normal. In active cirrhosis the enzyme 
is increased in the sinusoids of tho pseudo-lobules of liver cells and 
in the connective tissue bands. Scnim alkaline phosphatase is 
increased to 10-25 units/100 ml. 

6. In generalised botie disease with a mean serum phosphatase of 
04 units/lOO ml. there is a great increase in hepatic alkaiine phos- 
phatase in the cells, sinusoidal walls and bile canaliouli. The mean 
hepatic alkaUno phosphatase is 9-90 units/g. (Estrogen treatment 
of a case of prostatie carcinoma with skeletal metastases resulted in a 
fall of both serum and hepatic alkaline phosphatase. 

7. There is fairly good agreement between the histological and 
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has already been described (Bible et al). With recovery the block 
is relieved, with resulting flooding of the bile canaliculi iriili 
phosphatase. 

In obstructive jaundice phosphatase is seen wherever there is bih 
stagnation. It is therefore demonstrated in the hile-stained liver 
cells and in the bile canaliculi, in bile thrombi and bile necroses. The 
excretion of the phosphatase in the bile is clearly being prevented 
by the biliary obstruction. The enzyme in the walls of°the hepatic 
sinusoids could be a reflection of an increased serum level or could 
represent obstruction to the excretion of phosphatase by the liver. 
The obstructive jaundice studies therefore give little information as to 
the source of hepatic alkaline phosphatase. 

In generalised bone disease, routine histological staining has failed 
to demonstrate a hepatic lesion, yet the hepatic phosphatase is 
quantitatively increased and the liistological distribution is identical 
with that of obstructive jaundice. In these cases the hone disea'^eis 
associated with a rise in serum phosphatase and an increase not onk 
in the sinusoids but also in the bile canaliculi. Moreover, treatment 
of the bone condition vath consequent fall in serum phosphatase b 
associated with a quantitative diminution in hepatic phosphatase in 
both sinusoids and bile canaliculi. 

Both Wachstein and Zak (1946, 1947), studying Gomori-staiiied 
sections of liver from the dog and also human post-mortem material, 
and Jacoby (1947), using rat’s liver, have found a remarkable increase 
in bile capillary phosphatase in obstructive jaundice. Wachstein and 
Zak (1946) conclude that the increase in senun phosphatase in liver 
damage is due to inability of the liver cells to excrete the erujisc 
rather than to increase production in the liver itself. Biopsy materia 
and miorochemical analysis have not hitherto been used for p 
phatase studies in man. Further investigations along these hnes ais 
needed. Concomitant estimation of the bile phosphatase e\e in 
experimental bile fistulse, especially in generalised bone disease, ras. 
provide further useful information. , _ 

Morris and Peden (1937) suggest that the increased serum 
phatase in obstructive jaundice can be related^ to the ^ 
bile in the intestine. This is said to interfere with fat an 
absorption and to result in osteoporosis. Phosphatase is 
from the bone in large quantities. The increased serum an 
phosphatase, not only in jaundice but also in bone 
therefore have a similar causation, namely incre^ed j. £(,£ jn 
bone. Various observations make this theory unlike y. ^ 
obstructive jaundice by an external biliary fistula res s i 
serum phosphatase, even though bile has not reac e 
Return of fistula bile to the intestine does not alter e , 
the serum phosphatase. The serum phosphatase i 
jaundice cannot be reduced by the intravenous ^^1®“ * Uoation of 
(Sherlock, unpubh'shed observations). Moreover, m o > => 
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OBSERVATIONS ON THE PREVENTION OF BAC- 
TERIAL GROWTH BY SULPHONAMLDES, WITH 
SPECIAL REFERENCE TO THE HARPER AND 
OAWSTON EFFECT 


N. Waikek, R. P. PitiLTP, M. W. Smyth and J. W. McLeod 

From the Dcpnrtmenl oj PathoUgiJ ani Bocleriblbw. VniwreU!) 0/ Uids 


(Plate XCVU) 


Corrigendum 

The correct nemes of the authors of the paper commenomg 00 
p. 031 are:— 

N. Waimer, E. Phimt, M. M. Smyth and J. W. MoLeoo 


tlowevori during a comparison of penicillin and other ontiseptio 
snhstances in enp plates, tho rather sarprislng fact H'as noted that 
in liorse-hlood agar a mnrhcd zone of inhibition of staphylococcal 
grorrth could be obtained in' tho vicinity of cups •which contained 
relatively high concentrations of Bulphonamido solutions (O-S- 
1 per cent.), although similar results -were not obtained with plain 
agar nor to any considerable extent when other types of blood wero 
added to tho medium. This phenomenon ■was extensively investigated 
on the assumption that the horse blood exerted rt peculiar potentiating 
effect on the sulphonamido. 

Wliile this work was still in progress, Harper and Cawston (1946) 
published a paper in which attention was' drawn to the same 
phenomenon. The interpretation whieli these' authors put on their 
observations was' that the h’orso blood destroyed the substances in 
nutrient broth wliich acted as inliibitors' of sulphonamide activity. 
They were unable to obtain evidence, ho'wevet, that the effect of 
p-aminobenzoio acid was dimitusbed under these fionditions and 
hence assumed the activity of sulphonamide inhibitors other than 
p-aminobonzoic acid. 


tXTB. BICT.— TOt. 
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FinaUy on the basis of these observations they recommended tb 
preparation of a medium specially suitable for determiniinr the 
activity of sulphonamides against bacteria. This was obtained bv 
incubating broth with horse blood overnight, steaming the resulticfr 
fluid for 30 minutes, filtering off the blood and protein coagulum and 
then incorporating agar in the filtrate. 


Observations confirmatory of Harper and Cawslmi’s resnU-s 

The confirmation of Harper and Cawston’s principal observation 
was readily obtained. Medium was prepared from a mixture of equal 
parts of non-nutrient agar and a filtrate of a broth containing 
10 per cent, of haemolysed horse blood which had been incubated 



Fig. 1. — Comparative effects of horee and rabbit blood on the inhibition of staphylocooc 
and streptococci by sulphonamide. 


overnight and steamed for 30 minutes. When a trench of non-nu e 
agar containing 0-5-1 per cent, of sulphonamide was intro 
this agar, cross inoculation with three dilutions of a 
staphylococcus showed complete or almost complete * The 
staphylococcal growth to a distance of in. from the 
effect varied a little with the weight of inoculum of step 3 
and the particular sample of nutrient broth ; it ws ^ e 
inferior to that obtained when the hffimolysed poured 

incorporated with the nutrient agar forthwith and the “ vptwecn 
as a plate without heating. Fig. I shows ‘t® ait 

horse- and rabbit-blood agar plates in such j®®'® ^ ,jmating 
prepared by Harper and Cawston’s method gave resu s app 

to those shown for horse-blood nutrient agar. n) Substances 

It is possible to interpret this result in in the 

inhibitory to sulphonamide action may have been 
broth or removed from it ; (2) the action of horse bio 
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may to to produce some system capable of potentiating the activity 
of suiplionamide ; or (3) both may happen'simultaneously. 

In view of the peculiar interest of this phenomenon— the change 
of an organism relatively insensitive to sulphonamide action both in 
bacteriological media and in the animal body to one highly sensitive 
in bacteriological medif^-it seemed well worth while to pursue the 
investigation in several directions. 

The questions we have endeavoured to answer, which are un- 
explored or only partially explored in Harper and Cawston’s work, 
are the following. (1) Wlmt is the olomont in horse blood responsible 
for this eifeet 1 (2) Is the notion of horse blood dependent on other 
substances present in the medium apart from the hypothetical 
inhibitory substances ? (3) What, if they exist, is the nature of the 
substances destroyed in nutrient broth ? (4) To what extent does 

the presence of horse blood promote the sulphonamide effect against 
bacteria other than the staphylococcus 2 (5) Can any system 

potentiating the sulphonamide effeet be demonstrated in media 
treated with horse blood 2 

The ele-mext m house bloob besfossible tor 

BKOltOTtKO SUEVnONAinDE ACTION 

The first point noted was that horse blood was markedly superior 
to most others. Harper and Cawston’s observations were similar. 
In addition to the bloods of the species which they tested — horse, 
human, rabbit and sheep — wo also examined ox, dog, cat, guinea-pig, 
monkey, pig, rat, hen, pigeon ond frog bloods, and found them 
relatively inactive. 

Asses’ blood, however, was found to be little if at all inferior to 
horse blood and the property would therefore appear to ho one 
peculiar to the equine species. We have been unable to obtain samples 
of zebra or giraffe blood. 

In attempting to locate the effect in some part of the blood we 
have examined the following ; heated blood, nnhiemolysed blood, 
hasmolysed blood (equal parts HjO and blood), blood rich in leucocytes 
obtained by taking the upper layers of centrifuged blood, filtrate of 
hffimolysed blood and a solution of separated horse-hmmoglobin 
crystals. 

The effects were better with hmmolysed than with unluemolysed 
blood and the presence of excess of leucocytes did not increase the 
action. The activity of hromolysed blood was unimpaired after 
Maassen filtration; hence the stromata of the corpuscles were not 
mvoived. If the hlood-broth mixture or blood-agar mixture was 
heated at once, much less activation of sulphonamide was obtained 
m the mixture. To our surprise, however, a solution of crystalline 
na;mog!obin was found relatively ineffective. The method of Koilin 
and Hartrec (1035) was followed in preparing crystalline hmmoglobin. 
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It was observed that the effect was little if at all impaired if the 
crystals separated at the first stage were used. It \vas largely or entirelv 
eliminated, however, if the crystals were taken which separated in the 
second stage, ix. after solution of the first crop of crystals in xYNaOH 
and neutralisation with N HQ. There are therefore grounds for 
assuming that the effect was related to the haemoglobin or some very 
closely associated substance which could be inactivated by heatirmfor 
15 minutes at 70-76° C. 

This conclusion was further borne out by observations on the 
inhibition of growth in plates containing trenches of hmmolysed 
blood agar introduced into a medium of nutrient agar contaiiung 
|-1 per cent, of sulphanilamide. In such plates growth occurred 



Nut. Bear 
+0'5% Sde. 
copious 
growth 


(inocuJatloa of 
whole surface 
c staph, after the 
trench has set) 


Narrow zone of partial diffusion of hamoglohin 
to adjacent nut. agar 


Pig. 2 . — ^Inhibition of staphylococci by sulphonamide is limited to the zone into w 

haemoglobin has difiused. 

over the whole surface except the trench and a very *f^nt 
zone, which corresponded to the limited diffusion of b oo P 

from the trench to the adjacent medium (fig. 2). witahou- 

This indicated that the system necessaiy to promote e 
amide action was present over the trench, to w ® ^ 

sulphonamide readily diffused, whereas beyond * ® ^ -jg^ule 
limiting factor was the diffusion of the large hsemog o m 
or some substance equally limited in its range of ^ ^id not 

The fact that a solution of crystalline horse ^ semog 
give this effect may be explained by supposing so {0 

between the haemoglobin solution and other e 1.^02 the 

h®molysed blood which are removed in. the ° change in 

haemoglobin crystals in N NaOH or on some su 
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TiiemoBlotia molecule effected during the process. A solution of 
carefully washed red Wood corpuscles was active, hence substances 
contnbuted by the serum were not important. 


Influence of various components of the medium on the reaction 

It was observed that there was considerable fluctuation in tho 
development of tho effect in different eamplea of medium. Occasionally 
it was very poorly developed, especially in recently prepared samples 
of nutrient agar ; more rarely a sample of nutrient agar was obtained 
in wliich, without tho presence of horse blood, complete inhibition 
of growth was obtained in the vicinity of the trenoh with bacteria 
resistant to sulplionamide if inoculated on an ordinary sample of 
nutnent agar. Fig. 3 shows such effects when tho different samples 



Average Bflmple of nutrient t^sr tauiuat tampte of nutrient ARtir 

as basis of bested blood agor as basis of heated blood agar 

Fio 3 — Showing sulphonomide octmty in an unusual saniple of nutrient ogar. 


of agar are mixed with blood and the medium at once converted to 
“ chocolate ” by heating at 76° C. 

It is to be noted that in this observation there was arrest of growth 
of a staphylococcus, a sarcina and a hiemolytic streptococcus on tho 
unusual sample of nutrient agar only. 3?neumococoU8, which is a 
bacterium normally sensitive to sulphonomide in nutrient broth, was 
inhibited on both media ; but a viridans streptococcus from 
endocarditis was not inhibited on either. 

A cunous phenomenon was noted with tho peroxide-forming 
sarcina, wliich was inhibited to a greater distance from tho trenoh 
than tho other bacteria but grew in the immediate vicinity of the 
trench. A possible explanation is that tho sulphonamide was activated 
by some component of tho medium, but that this action was weakened 
by diffusion to the non-nutnent agar in the trenoh and thoroforo 
had not tho needed concentration in the immediate vicinity of tho 
j mn bjcT—Toi. ux Obo 
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trench to activate the sulphonamide, of which there was abundance 
We cannot imagine how this can be interpreted in terras of the 
presence of a sulphonamide inhibitor in the medium. Such result.? 
suggested an investigation of the relative parts played by peptone 
and meat extract in promoting the sulphonamide effect. 

In plates prepared with peptone agar only, we found that verr 
little inhibition was developed in the vicinity of a sulphonamide 
trench, whereas with meat-extract agar and no peptone the effect was 
considerable, although a good deal less than that obtained in hmmolysed 
horse-blood meat-extract peptone agar. 

In further investigations of the role of meat extract, plates were 
prepared containing peptone horse-blood agar with 0-6 per cent, 
sulphonamide in one half and nutrient agar in the other. When these 
were inoculated from side to side with a staphylococcus, growth resulted 
as shown in fig. 4. 



Fig. 4.— Showing the importance of meat extract. Complete inhi i lo 
only where meat extract has diffused ( X ) into zone containing o 
blood and sulphanilamide. ., 

Zone A shows good growth of staphylococcus in the absence of adequate sup 

concentration. - i t, Me diffusioo nud 

Zone B shows restricted growth where there is adequate sulphonam 

potentiation by elements in meat extract. • j o- f r horse blood and 

Zone C shows entire absence of growth due to the combined e ec ° present. 

elements of meat extract, penetrating by diffusion, on the su p ° the horse 

Zone D shows good growth since, in the absence of elements of meat . 
blood caimot promote sulphonamide action. 


Observations . on the effect of horse blood, on the actio / 
sulphonamide diffusing into synthetic me 

The advantage of synthetic media is tlmt the and 

action of inhibitors of the sulphonamide effec is tested, 

that the substances likely to produce the e ec 
separately. 
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Two media were used. Tlie first and more complex had tho 
following composition : casein hydrolj'sato (acid) 2 per cent. ; KjHPOi 
0-3 per cent. ; NaCl 0-1 per cent. ; oystino and ferrous ammonium 
sulphate each 0-005 per cent. ; MgSOi VHjO 0-004, per cent. ; nicotinic 
acid 0-001 per cent. These rvore dissolved and incorporated -with 
0-6 per cent, glucose in tho requisite vohimo of 2-5 per cent, non- 
nutrient agar and brought to pH 7-4. Tho casein h 3 -drolysato was 
prepared according to Mueller and Johnson’s (1941) formula. 

The bacteria tested were the Escherich strain of Bacterium coU, 
another strain of Bact. coli chosen at random from a fsecal culture 
used in routine work, and strains of Shigetla jlexneri and Sh, sound. 
All grew tolerably well on the medium ; and in tho vioinitj- of a 
sulphonamide trench there was slight inhibition which was considerably 
accentuated if iiorse blood w-as incorporated in the medium (fig. 6). 



Synthetic medium only Synthetic medium +2% hxmolysed 

horse bloc^ 

Fjo. 5.— Sho^\'ing increased sulphonanndo effect -when lircmolysed hors© blood was 
added to a synthetic raediom. 

The second medium — C. M. MacLeod’s 1940 — was simpler, its only 
organic nitrogen being in tho form of asparagin. On this medium 
as on the last there was slight inhibition of Bact. coli in the vicinity 
of the sulphonamide trench and much more marked inhibition when 
2 per cent, of horse blood w-as incorporated in the medium. 

Since MacLeod has showm that acid casein digest does not interfere 
with the sulphonamide effect, and since our own observations have 
established the same for nicotinio acid and asparagin, it is difficult to 
suppose that tho increased sulphonamide effect with horse blood is 
due to removal of inhibitory substances. A potentiating effect seems 
a more probable e.vpIanation. 
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Nature of the substance or substances in broth which interfere 
with the action of sulphonarnide 

Since the work of Woods (1940) and J’ildes (1940) p-amimhemok 
acid has received most attention amongst the inhibit of sulphon- 
amide (McIIwain, 1942, and many others), but it was excluded br 
Harper and Cawston since they were unable to obtain evidence that 
treatment with horse blood of broth containing added p-aminobmoic 
acid removed its inhibitory effect on sulphonarnide. 

In view of the importance of this substance we also investigated 
the matter. 

In each of our experiments a series of plates was prepared as follows : 
(1) 9 c.o. nutrient agar 4-1 c.c, horse plasma ; (2) 9 c.c. nutrient agar-f 
1 c.c. horse plasma-j-1 c.c. laked horse blood ; (3) as (1)41 : 1,000,000 
p-aminobenzoic acid; (4) as (2)4-1 : 1,000,000 p-aminobenzoic acid. 

These were incubated for about 20 hours to allow full time for the 
Harper and Cawston effect to develop in respect of any inhibitory 
substances present in the medium at the outset, as well as the added 
p-aminobenzoic acid. A second similar series of plates was prepared 
next day, and both were immediately “ ditched ” with agar containing 
0-5 per cent, sulphamlamide. All were then inoculated from side to 
side xvith two strains of staphylococcus and one strain of pneumo- 
coccus. The effects obtained in both series were practically identical, 
and only those of the first series are shown in fig. 6. 

It would seem, therefore, that in a medium suitable for shom’ng 
sensitivity of staphylococcus to sulphonarnide the effect of tie 
sulphonarnide can be reversed by p-aminobenzoic acid, and that 
influence of the p-aminobenzoic acid is not markedly counteract 
by horse blood, as would be expected if the effect were due to a 
substance normally present in nutrient broth and responsible w ® 
inhibition of sulphonarnide action on the staphylococcus m sue 
media; There was some evidence, however, that the p-anuno enzoi 
acid effect was diminished in the presence of horse blood an i 
still possible to suppose that the Harper and Cawston effect is u 
removal or masking of p-aminobenzoic acid if it is suppose a o ^ 
the sulphonarnide effect on staphylococcus is much more 
p-aminobenzoic acid than the corresponding effect on pneu™® 

That is, one may suppose that nutrient agar gj on 

aminobenzoic acid sufficient to hold up the sulphonann o ® 
staphylococcus but not on pneumococcus, and further t ^ ainount 
blood (Harper and Cawston effect) can destroy or remove a ^ 
of p-aminobenzoic acid but not the larger concentration n 

experiments. „inhonamid& 

If this is true, it should be possible to show that e ® ? ^I^gji^oic 
effect on staphylococcus is more readily canceUed J P ® ,pgj.j;nent 
acid than that on pneumococcus. To test this pom a 
was carried out with agar based on Harper and Caws 
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therefore equaUy soitoble for ehomng the Harper and Cawa|on effect on 
ptumoooc^ens and alaphylococons. A series of platesyrus set 

orto inotade a control containing " Harper and Cawaton agar alone 





(c) (d) 

Fio. Showi\g UiO uftu&l inhibUion of tho pneuroofloccua in Iho vieinity of 

n sulphonarntdo trench ond much more them iho usual inhibition of the 
etaphylococcua, probably due to troces of hatmoglobin ^hich persisted in tho 
plaana and gave a partial Harper and Cawslon offoet, Tho phenomenon already 
referred to—growth in tho area adjacent to tlio trench but not at J* J in, from it — 
was observed with one of the staphylococci. 

(6) Showing complete elimination of staphylococcal growth for about J in, from 
tho trench— the usual Harper ond Cowston efibet. 

(c) Showing complete or almost complete removal of the sulphonamido effect in tho 
prosenco of p*aminobenzoio acid. 

(d) Showing marked but incorapleto removal of the sulphonamido effect by p- 
aminobenzoio acid. 


(fig. 7o and 6), and four other plates containing Harper and Cawston 
agar plus 1 ; 250,000, 1 : 600,000, 1 : 1,000,000, or 1 : 10,000,000 
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2)-aminobenzoic acid (fig. 7c-/). Before the plates were poured 7 per 
cent, of horse blood was added to each tube and the whole heatc-d at 
once for 10-15 mins, at 75° C. in order to provide a medium on which 
growth of the pneumococcus could be easily discerned. 

The opposite half of the plate contained non-nutrient agar-j-0'5 
per cent, sulphanilamide. One series of plates was inoculated Ivith 
pneumococcus and a second with staphylococcus. The results are 
indicated in distances firom the sulphonamide trench to which inhibition 
extended (table). 

Tabus 

Inhibition of sulphonamide effect on staphylococcus and pneumococcus by dijjmnl 
concentrations of -p-aminobenzoic acid in “Harper and Cau'ston agor" 


Plate no. 

Concentration of 

1 

Distance of groxrth inhibition from stilpliODamlde trecch 

i 

P-amlnobcnzoic acid 

Pnenmococcus 

Stapb>lococcu» 

1 


Nil control 

J in.’ 

i 

|in. i 


1 : 250,000 

Growth up to trench ; 
colonies a trifle smaller 
just beside trench 

Growth up to trench but 
only minute colonies in! 
last 1 in. 1 


1 : 500,000 

I-rVin. 

Marked check nt m 1 
but some verj- nnahj 

colonies nearer trench 


1 : 1,000,000 

1- in. 

Marked check to } in. hut | 
minute colonies beyond 


1 : 10,000,000 

1 in. 

\ »• I 


These results are reproduced in fig. 7. 

It would seem, therefore, that yi-aminobenzoic acid influenced t c 
sulphonamide effect on both organisms to a like extent ; it effecte 
inhibition at 1 : 250,000 and bad little action at 1 : 10,000,000. Ot cr 
observations gave similar results. , 

From these observations it is clear that the presence of one pa o 
_p-aminobenzoic acid per million parts of medium would cut o™ ® 
sulphonamide effect on the pneumococcus considerably ; 
pneumococcus is highly sensitive to sulphonamide in nu nen 
the p-aminobenzoic acid content of the normal sample ® . 

must be lower than that. On the other hand, sulphonaM ® 
on the staphylococcus is largely or entirely eliminated in le 
sample of nutrient agar, an effect which would require a e 
part per 500,000 of p-aminobenzoic acid. Hence the in 
sulphonamide effect on the staphylococcus observed m 
sample of nutrient agar caimot be due to p-aminobenzoic aci 

Presence of inhibitory substances other than p-atninobenzo' 

in peptone 

The nature of the inhibitory action of peptoes on 
has been discussed by McHwain (1942), Sevag, Henry a jogt^nanied 
(1943) and Kohn and Harris (1943) and others. 
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Fw. 7. — Showing that ^j-an^obenzoic acid neutralises sulphonamid© actiou in a 
BimiJar fashion for pneumococci and staphylococci. 

All healed Hood agar ahowa on this piste has a basis of JIarper and Cawstoa broth. ' 
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sought widely for specific substances other than p-aminobemoio acid 
giving this effect (Kohn and Harris, 1941) but the only odd detected 
was methionine. 

We have tested the effect on sulphonamide action of addicg 
methionine to the Harper and Cawston filtrate agar, using the sulphon- 
amide trench method described above and staphylococcus and Bad. 
coU as test organisms. We have failed, however, to demonstrate 
any distinct inhibitory action by this substance under these conditions. 


Promotion of sulphonamide action on bacteria other than the 
staphylococcus in nutrient broth and agar containing horse bM 


In their sensitivity to sulphonaroides in nutrient broth or on agar, 
or such media enriched with blood or serum if this was required for 
the growth of the organism, it had previously been noted that the 
diphtheria bacilli and one diphtheroid tested, the pneumococci, and 
most notably the Heisserise, differed from most of the known pathogens 
(Burton ei al., 1940). 

The growth of such bacteria on plates trenched with sulphonamide 
agar was prevented for § in. or more in the vicinity of the trench 
whether horse blood was incorporated or not, and a similar result 
was obtained in one experiment with Ps. pyocyanea. Among other 
bacteria which tended to grow right up to the margin of the trench 
■on ordinary nutrient agar, on serum agar, on fresh blood agar prepared 
with blood other than equine, or on horse-blood agar heated at To C. 
within a few minutes of mixing (“ chocolate ” horse-blood agar), a 
considerable number showed restricted or completely inhibited groirth 
in the vicinity of the sulphonamide trench on fresh horse-blood agar. 

This effect was obtained notably with peroxide-forming hmmolytm 
streptococci and with a peroxide-forming sarcina. It was also ohserr 
with several strains of Pact, coli and with a strain each olSh.s 'S^i 
Ph. flexneri, and 8h. sonnei. It was poorly developed or a c 
completely with several strains of streptococcus, including a 
strain from a case of endocarditis, and also with strains o i 
■and Haemophilus infiuenzee ; the latter were not, 
investigated and were sometimes sulphonamide sensitive in e a - 
of horse blood. 


Extent to which the phenomenon is obtained 
with various sulphonamides 

Observations were limited to the sulphonamides 
most extensively used in this country, i.e, sulphani aM 
pyridine, sulphathiazole and sulphadiazine, Straiim of s ap 
and brnmolytic streptococcus, both pf stance 

vestigated and comparisons were made {a) by agar 

to which inhibition was Obtained aroimd a cup cut m ors 
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and partly fiUed rritli a solution of the drug to bo tested, and (6) by 
incorporating diminishing dilutions of the aulphonamide in horse-bloo 
agar and determining -which aulphonamide rvas active in highest 
dilutions. The cup tests indicated the order 8ulphamlamido<8ulphO' 
pyridine =sulphadiazine<Bulphathinsole. The tests with sulpha- 
thiazole were carried out extensively, both on the surface of horse-blood 
agar plates to which the drag was added and in htomolysed horse blood 
and broth. 

The results indicated that the eiiiciency of sulplmthiazole in 
restricting the growth of staphylococcus was raised at least 1000-fold 
in the presence of horse hlood, and that .the more sensitive strains of 
streptococcus showed inhibited growth in concentrations ranging from 
1 : 1,000,000 to 1 ; 10,000,000 of snlphathiazolo in the presence of 
horse blood. This means that under these conditions their growth was 
checked almost as much as that of the meningococcus and gonococcus, 
which are so outstanding in their sensitivity to sulphathiazole both 
in vUro and in vivo. 


Does the increased aulphonamide effect developed in rviitrieut broth or 
agar in the presence of horse blood depend solely on the destruction 
of inhibitory substances or is the aulphonamide potentiated in 
some uay? 

Wo have found it difficult to devise an experiment which will 
give an -unetimvocal answer to this question. It seems to us, however, , 
that if the effect depends entirely on the removal of sulplionamide 
inhibitors, treatment with horse blood must remove them, either 
completely or partially. If completely, concentration of the filtrate 
should make no difference ; if partially, there should bo inhibition 
of the sulplionamide effect in proportion to the concentration of the 
filtrate. 

When experiments were made to test tliis, the results seemed to 
point simultaneously to the occurrence of the destruction of substances 
inhibitory to sulphonamide notion and to the existence of some 
independent sulphonamide-potentiating system. The results obtained 
are illustrated by the three photographs of plate cultures in figs. 8, 
9 and 10. In fig. 8 the left side of the plate contains non-nutrient 
agar-j-0'5 per cent, sulphonamide, the right side an agar prepared 
by mixing equal parts of a Harper and Cawston filtrate and 5 per cent, 
non-nutrient agar. Three dilutions with decreasing numbers of 
staphylococci were inoculated right across the plate. There is good 
growth over the right side in the part remote from sulphonamide 
^ffuaion, absence of growth in the usual zone of sulphonamide diffusion 
into the right half from the opposite section of the plate, and no 
growth over the non-nutrient agar. In fig. 9 the left side of the plate 
contain nutrient agar-fO-5 per cent, sulphonamide, the right side 
as m fig. 8. The result shows growth on the right side as in fig. 8, 
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and also over the whole of the left side and to some distance over tb» 
right side in the vicinity of the junction, but not in a zone M in 
distant from the junction. ^ • ' 

This result would faU in completely with Harper and Cawston’s 
theory. Growth takes place in nutrient agar+sulphonamide because 
of the sulphonamide inhibitors present, and also on the right side on 
account of diffusion of these inhibitors into the Harper and Cawston 
filtrate agar which has been freed from them, but not in a zone 

in. from the junction because they do not diffuse so rapidly as to 
reach that area in which the more rapidly diffusing sulplionamide is 
present in adequate concentration to inhibit growth. 

The third plate culture (fig. 10) differs from the second in containing 
on the right side an agar prepared by mixing non-nutrient agar ivith 
a Harper and Cawston filtrate five times concentrated by vacuum 
distillation at temperatures less than 50° 0. Here the zone of growtli 
on the right side near the junction is completely obliterated and there 
is a slight indication of inliibition of growtli on the left side of the 
plate in the area nearest the junction. If all that had happened to 
the Harper and Cawston filtrate was removal of inhibitors, this result 
could not have been obtained. Since the growth on the part of the 
right side of the plate remote from sulphonamide penetration i’ 
stronger than in the plates shown in figs. 8 and 9, the explanation 
of this failure must be either a potentiation of sulphonamide under the 
influence of concentrated Harper and Cawston filtrate, or the develop- 
ment in it of some system capable of destro^g additional sulphon- 
amide inhibitors. No similar effect was obtained when the right ha 
of the plate was prepared by mixing a five-fold concentration o 
ordinary broth and non-nutrient agar. 


Conclusions 

1. Staphylococci and several other bacteria, 

strains of haemolytic streptococci, are relatively insensitive to su p 
amides in the average sample of nutrient broth or agar. 

2. In the presence of horse blood, especially haemolyse p’ 

these bacteria develop marked sensitiveness to sulphonanii es 
and Cawston effect). ^ . . j 

3. The haemoglobin of blood or something closely 

it or a combination of these appears to be responsible or 

4. The effect has not been obtained in a marked degree 


other than equine. . • or 

5. The effect is not due to destruction of p-aminobenz 

of methionine. , ctpimed and 

6. After nutrient media are incubated with horse ® 

filtered, a fluid is obtained which no longer inhibits sulphonam 

7. It is probable that potentiation ^ Rubstances 

able part in this change, although elimination of m i i 

may also occur. 




Fio. 10. — Left half as in fig. 9 ; right 
half na in figs. 8 and 9 es^cept 
that Harper and Cnwston filtrate 
has been concentrated five.fold. 
Inoculum as m figs. 8 and 0. 
Note that growth on right side 
near junction is obhterated and 
that growth is slightly inhibited 
on left side nearest the junction. 
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8 Evidence for potentiation of the sulphonamide is derived 
from — (n) the influence of horse blood in synthetic media in which 
no inhibitory substance can be demonstrated, (6) the increase of the 
sulphonamide effect in concentrated filtrates obtained by Harper and 
Cawston’s method 

We vrisli to express our indebtedness to Miss D C Peace and Miss S C 
Cliapman for help in the preparation of records for these experiments, and to 
Impenal Chemical Industries Ltd , Messrs Kewton, Chambers Co Ltd , 
Sheffield, and the Medical Rc^earcli Council for grants in aid of the ■work 
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A CASE OF ECETUS PSEUD O-AMORPHUS 

J. SVEJDA* 

From Iht Dopariment of Fanwlogy of TItc Fatjdl College of Surgeons, 
Lwdon 

(Plate XCVHI) 

PsEOTO-AMOMHOBS footuses are rare monstrosities and ate always 
wortliy of description. Keforentes to some related examples and 
other relevant literature are given at the end of this account. 

The clinical history in the present case is rather short. This was 
the first pregnancy of a woman aged 20 years who suffered from 
mitral stenosis. The pregnancy was not abnormal and tho foetus, a 
mngle one, was delivered at term. 

Desckibwon or spEoniEX 
External appearance (figs. 1 and 2) 

The foetus measures 17 X9X6 cm. Its weight is SOi g., its shape 
an ovoid somewhat flattened in tho dorso-ventral direction. A deep 
cleft near the middle of the specimen divides it into an upper ovoid 
and a lower rounded part (fig. 2). The upper portion is partly 
covered with short hairs. The shin hero is very tough, in contrast 
with that of tho lower part, which is smooth and soft. The feetus 
presents dorsal and ventral surfaces. The principal feature of the 
ventral surface of the upper part (fig. 1) is a flat triangular formation, 
3 cm. long and 2-2 cm. wide, which corresponds to the nose. Near 
the base of the triangle are two oblique, blindly-ending openings — 
rudiments of tho nostrils. On all sides tho nose is surmounted by 
folds of skin of varying height. Two of these are prominent and 
cover the eyes. Beneath the nose is a small fuimel-Uke cavity lined 
by soft skin, at the bottom of which a small aperture communicates 
with two tubes— the cesophagus and the trachea. The nose is flush 
with the surrounding skin surface. Tho umbilical cord projects from 
the ventral surface of the lower part of the feetus. It has two vessels 
only, an artery and a vein. The skin here is smooth and without 
folds. On the dorsal aspect of the lower part are two rudimentary 
lower limbs, each 5 cm. long, with many folds of skin and spade-like 

Council Scholar from tho Initituto of Pathological Analonw of tho 
alasaryk University, Bmo, Czechoslovakia. ^ 
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enlargement of their terminal parts. Each hmb, divided from 
remainder of the trunk by deep lateral clefts, is quite flat and e k 
in five very rudimentary toes on the left side and four on the 
right. The limbs are turned upwards and are tightly applied to 
the surface of the body ; between them there is situated a trunk- 
like prominence which represents the external genitalia (fig 9 ) 
Under this prominence is a small anal opening. The Hmbs and genitai 
fold oecupy nearly the whole of the dorsal surface of the lower tluid 
of the foetus. The dorsal surface of the upper two-thirds is fairlv 
smooth, but with areas bearing fine hairs ; ‘ a thick fold of skin 
demarcates it from the lower part. The sides of the upper part of the 
foetus bear two rudimentary upper hmbs. The left, wliich is 2-4 cm. 
long and 2 cm. wide, has a conical shape. It carries four fingere, one 
of which is in opposition to the other tliree. The terminal parts of the 
fingers carry small nails, and the second finger is broader than the 
others. The right upper limb consists onlj’’ of three long fingers, It. 
is 1-5 cm. long and 0-5 cm. wide. 


The skeleton (fig. 3) 

The skull is high and rather narrow. Maxilla and mandible are 
absent and thus the nasal cartilage projects forward prominently 
The distal border of the squamous part of the frontal bone bears a 
prominent supercihary ridge. The orbital parts of the frontal bone 
make an angle of 145° with the inferior margin of the squamous part. 
The lateral portions of the orbital parts form very small zygoaatie 
processes, more prominent on the right than on the left side. The 
lateral, distal and medial boundaries of the orbital parts are formed bv 
fibrous tissue, connecting the orbital parts with the cartilage of t e 
nose and with the sphenoid bone. These orbital parts of 
bone are the only bones taking part in the formation of the roof o ifi 
orbit. They are quite fiat. . , 

Extensive thick fibrous membranes, which take the place o 
parietal bones, connect the frontal with the occipital bone, v 
consists of a squamous and a basilar portion. On the 
is a large and high planum occipitale, the distal boundary o 
forms a conspicuous external protuberance. From tlus * 
laterally on each side a semicircular superior nuchal line, ® ^ 
the bone shows a planum nuchale. Below- the externa , . 
protuberance the squamous part of the occipital bone is 
a long strip of cartilage. This has the shape of two . 
shoes connected in the middle. Caudalwards &om t e ca o 
extends a fibrous membrane attached on each side to wo . 
which join ventrally and correspond to the basilar pM o 
bone. Thus the foramen magnum has norma , gondylcs 

hypoglossal canals are present in the basi-occiput. cc p 
are absent. 



to- 

h’^ 
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p((. 1 — Frntus p'-cwlo Bn\orph«s 

vewtrul aspect On ^cU nl>o\o 
the centre, Uieto va e. flat tuongiilnr 
fotmnlwTv eorTet,p<in<lmg to Uio no«o 
xi(e} 




tif ^ bl uU onfl spine Jfoio Fto 4- — General wev; of vvsccrtv of head awl 

prommont nusal cnrtflago \sith trunk sho\Mn^> bntn heart -sviUi the 

two hUudl> ending mhe Ukofor eommon nnviclo and common nrterml trunh 

mat <jns and, the exophthalmic aod its branches, left pulmonary artorj 

\ o-dion of the e^ c x i Jc ) and left lung, hver, etc X i {c ) 
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A square block of cartUage connects the basilar part of the 
occipital bone with the sphenoid, which consists of body and wings 
oniy. Viewed from above there is a small sella tureioa, overhung 
posteriorly by a very low dorsum selias. The posterior cllnoid 
processes are absent. In front of the sella turcica a large deep 
median fissure partly filled by cartilage divides tho body of the 
sphenoid into two parts which project up and form the anterior 
clinoid processes. Laterally two wings project from tho body of the 
sphenoid. Greater and leaser wings cannot he distinguished, but a 
prominent optic foramen is present in each wing and dorsally each 
wing carries a small prominence directed towards the anterior clinoid 
process. In this way tho foramen ovale is enclosed. The sphenoid 
is in a neatly vertical position and tho part of the body which carries 
the sella turcica forms a small square plate under the nasal cartilage. 
The pterygoid processes are absent. 

On each side the temporal bone is very poorly developed and it is 
difficult to identify its parts. Most prominent is tho squamous part, 
in the middle of which there is a largo irregular aperture around 
wliioh tho bone shows many small fissures and prominences. On the 
distal edge of the squamous part is a region of thicker bone which 
from the inside appears divided from the squamous part by a deep 
fissure. On this thick part we may distinguish a back portion which 
corresponds to the mastoid process and a front portion which cot' 
responds to the petrous part. The blindly ending internal auditory 
foramen is situated in this part. There are many excavations and 
prominences on the surface of the temporal bone. The styloid and 
zygomatio processes and the external auditory meatus are absent. 

In tho region of the nose ace some small bones wlfioh are connected 
with the triangular nasal cartilage. On tho upper edge of the cartilage, 
which is connected by fibrous tissue with tho frontal and sphenoid 
bones, are two small bones corresponding to the nasal bones. In tho 
ventral part of the nasal cartilage are two bh'ndly ending tube-liko 
formations each with a small bony plate in its roof. It is difficult 
to identify these bony plates, but perhaps they are rudimentary 
turbinates. On the distal edge of tho nasal cartilage is a long narrow 
bony plate which corresponds to tho vomer. On both sides of the 
nasal cartilage are fibrous membranes forming two pocket-liko 
formations, on tho outside of which there are two small bones 
corresponding to lachrymal bones. Inside this pocket there is » 
fibrous fold containing a small bone, probably the inferior turbinate. 

The spine is very poorly developed. It consists of a solid 
cartilaginous column 4-3 cm. long, divided by two lateral grooves 
into anterior and posterior parts. The latter has a gutter-like shape 
and fe eonneoted by a fibrous membrane with the baaUar part of the 
occipital bone. The anterior part is rounded and is connected directly 
to the basilar part of the oooipital bone. The segmentation of the 
vertebral column is imperfect. Small centres of ossification are 
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present in the posterior part, six on the left side, five on tte 
and sinaU cartilaginous prominences are present correspoDdine to 
spinous processes. The spine is shghtly sinuous, its lower part taW 
concave anteriorly. * 

The limbs are so grossly malfonned that it is difficult to recotmnr 
and identify their component bones. The skeleton of each lower 
limb is represented in its upper part by a rectangular mass of cartilage 
connected with an angulated bone 1 -5 cm. long. This cartilage and 
bone are attached to the spine only by fibrous tissue ; they possibly 
represent rudiments of the pelvic girdle. At its distal end the bone 
is joined by a nodular mass of cartilage to another thick triangular 
bone, corresponding perhaps to a malformed femur. The femur is 
joined to a thick nodular mass of cartilage which is connected distally 
with well developed metatarsal and phalangeal bones. 

The skeleton of each upper limb is represented only by long tliia 
metacarpal and phalangeal hones. There are four sets of diptal 
bones on the left side and three on the right. 

From the region of the upper limbs some cartilaginous strips run 
ventralward and join together just above the pericardial canty. 
These strips are rudiments of the ribs. 


T/ie mmcular system 

Some groups of muscles are well developed, some of them show 
major abnormalities. The neck muscles are developed best of 
They take origin ftom the occipital bone and the distal edge of t e 
temporal bone, and run caudalward to the rudimentary^ spine an 
upper limbs. Stemomastoid, splenius capitis, splenius cerricis, sea oni 
and trapezius muscles can be identified on both sides, but o ler 
muscles are not identifiable. Distally all these muscles are connec c 
with a broad layer of undivided muscular tissue which runs ® ^ 
length of the specimen and passes from its dorsal attaemen s 
ventral direction. This sheet of muscle lies immediately «n o 
oedematous subcutaneous tissue. On the dorsal side of t a ® 
a level just below the well developed diaphragm an S! 
each side of the spine there is present a thick and 
which runs caudalward and joins the cartilage of the pos ^ 

This muscle probably corresponds to 
Prominent on the dorsal aspect of the feetus is a shor 
arising from the end of the spine and running oblique y c 
also to this cartilage. It is probably the psoas muse 
cartila^ous part of the presumed pelvic girdm^ t ^ ^ The 
forms a semicircular structure of increased tmc'ness. .^gn|[y 
contain muscles most of which, however, carmo^ 
identified. The best developed are the interossei o 
and feet. 
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The ctrculalory system, (figs. 4 and 5) 


The lieart, 2 cm. long and 1 -5 cm. wide, is situated in a pericardial 
sac. I?rom the base arises only one vessel — an arterial trunk. On 
the riglit side there is a large elongated auricle wliich overlaps the 
arterial trunk vontraUy. There is 


no separate left auricle. The 
auricle merges distally into a large 
tliin-walled sivc forming the whole 
dorsal wall of the heart. The distal 
part of tills common auricle is rvidely 
open and funnel shaped. Here is 
situated the aperture of the inferior 
vena cava, underneath wliieh tho 
wall of the atrium is raised m tho 
form of a high thin fold oorrespond- 
ing to the Eustachian valve. In 
the upper part of tho atrium is tho 
aperture of tho superior vena eava. 
The atrial septum is absent and on 
the loft side of tho common cavity 
arc tho openings of the pulmonary 
veins. The coronary sinus is absent. 
The common arterial trunk arises 



from the part of tho heart which is 
clearly tho persistent bulbus. Tliis 
has the shape of a short and narrow 
canal, its walls formed by the 
muscular tissue of tho heart, which 
here becomes thickened and cushion- 
like. Below the bulbus is the large 
cavity of tho right ventricle, and an 
incomplete interventricular septum 
separates tliis chamber from tho 
narrow left ventricle, wliich has a 
slit-like cavity. The right ventricle 
communicates by a wide aperture 
with the large common atrium. Tho 
interventricular septum passes up- 
wards in an oblique direction 
beneath the left muscular cushion 
of the persistent bulbus towards 


) _ 

FiQ. 6 — Anatomy of heart, etc. (1) In- 
ferior vena enva (2) Orifice of in- 
ferior vena cava (3) Wall of common 
atrium (4) Right ouriclo. (5) Canty 
of common atrium (6) Tricu^iA 
vaive. (7) Intonentricular septum. 
(6) Bicuspid vnlvo (0) Wall of heart. 
(10) Tlie cusluon like formation in 
bulbus (11) Foraistent bulbus. (12) 
Orifico of superior vena eava. (13) 
Vail 03 of common arterial trunk. 
(14) Left coronary artery. (16) Com- 
mon arterial trunk. (16) Left pulmon- 
ary artery. (17) Onficesofpulmonaiy 
arteries. (18) Right pulmonary artery. 
(19) Innoniinato artery. (20) Left 
common carotid artery. (21) Left 
aubclavian artery. (22) Descendmg 
aorta, x 2 (c.) 


the lateral wall of the heart. In the membranonB part of the septum 
a semicircular defect is present and at this point are found the 
attachments of the medial and anterior cusps of the tricuspid valve. 
A membrane which represents the poorly developed bicuspid valve 
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and is fused Trith the interv'entricuiar septum nearlv 
aperture of the left ventricle. ^ 




The main arterial trunk has an ascending part, an arch and 
a descending part. Dissection shouts that there is no dirision into 
aorta and pulmonary artery. The root of this common vessel possesses 
four semilunar valves, and 1 mm. above these, in the middle of the 
posterior wall of the vessel, there is the small orifice of the left 
coronary artery. This vessel runs obliquely from the right side of the 
anterior wall of the heart towards the apex. At a level 1 mm. shove 
the orifice of the coronary artery there are the two chsoly set small 
orifices of the pulmonary arteries, which pass to the well developed 
lungs. From the lateral waE of the common vessel at the Idtd) of 
the pulmonary arteries the innominate arteiy arises and opposite it the 
left common carotid artery takes origin in an oblique direction. These 
arteries thus form a U- around the oesophagus and trachea. The left 
subclavian artery arises 0-5 cm. from the left common carotid artery 
— nearly at the end of the arch. The part above the pulmonai)' 
arteries is the aortic arch and the part caudal to the left subclavian 
artery is the descending aorta. All the latter's parietal and visceral 
branches arise as in the normal. 

No signs of a lymphatic system could be found, but it should be 
mentioned that three large cavities filled with clear yellow fiwd are 
present in the dorsal region of the specimen. (Edema of the sab- 
cutaneous tissues is also present. 


TAe respiratory system 

A larynx is not differentiated and the respiratory systeia in ift 
upper part is a simple tube which opens directly into the rudimentary 
mouth cavity and is separated from the oesophagus at its upper en 
only by a thin fibrous septum. Lvmgs and pleurae are well . ® 

The right lung consists of two lobes of which the upper is w 
into three small prominences by two short clefts run:^g ^ ^ ^ 
from the apex. The left lung is abnormal in that its ape.e o 
pyramidal prominence which passes in a ventral direction, 


The digestive tract 

As a result of failure of development of the 
n oral cavity is absent and in its place there ^ ^ digestive 

ituated beneath the nose and lined with soft skin. 
pact begins with a simple opening at the end of the ,. f^^gstioe 
asses immediately into the oesophagus. Storoac an s 
re present and appear normal. The colon m a jts 

hoi^-only 2-5 cm. long-without any space 

omponent parts. It passes in a ventro-dorsa _ eo i 
etween the elements of the pelvis and ends m 
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below the rvidimentaty external genitalia. The colon is dilated and 
its walls are thin, this dilatation being duo to compression by the 
muscles and bones of the lower limbs. The liver is largo and normally 
situated but not lobulated. Gal! bladder and pancreas are present 
and appear normal. 

The itroffStiilal system 

Only the shape of the kidneys is abnormal. They are round and 
flat and the ureters run on their ventral surfaces. They are situated 
opposite the lower end of the spine on the dorsal wall. On the lateral 
aspect of each kidney there is a small genital gland. Microscopical 
examination shows that these are rudimentary testes. On the upper 
pole of each is a minute drop-like formation corresponding to the 
epididymis. The ductus deferens forms a thin cord running caudal- 
ward and becoming lost in the soft fibrous tissue of the peritoneum 
at the level of the urinary bladder. The seminal vesicles, bulbo- 
urethral glands, prostatic gland and scrotum are absent. 

The endocrine glands 

All these are normally developed with the exception of the supra- 
ronals, which form a single large horseshoe-shaped yellow mass 
situated between the kidneys. 

The nervous system (figs. 3 and 4) 

Although the hrain and spinal cord are well developed end their 
main parts can bo identified, fixation is so bad that their precise 
description is impossible. Some of the cranial nerves can be distin- 
guished, namely the olfactory and optic nerves and the vagus. Many 
spinal ganglia are present and spinal nerves run through the lateral 
fissures in the cartilaginous column of the spine to reach the muscular 
tissue of the dorsal part of the feetus. The spinal cord ends in a 
formation similar to the cauda equina. No trace of a sympathetic 
nervous system is found. 

Because the orbital part of the frontal bone and the sphenoid 
together form an almost vertical wall the optic foramen is situated 
very low. It is placed at the level of the distal edge of the nasal 
cartilage and the ocular muscles and optic nerve pass upwards to 
reach the eye. After removal of the skin the eyes are very prominent 
because they are situated on this vertical optic part of the frontal 
bone. The eyeball is normally developed. 

Michoscomo examkation 

This was unsatisfactory because of poor fixation, but ns far as 
coifld be ascertained the structure of all the main organs appears 
substantially normal. 
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Discussion 


In this specimen, in spite of the poor development of its extemallv 
amorphous features, many organs and systems are veil developsji 
It is therefore necessary to designate the specimen as a fcetus pseado- 
ainorphus. It cannot he included in the group of hemiacardiac foiaws 
because these monsters, lilce the acardiac foetuses, are always twins, 
while the present monster is a single foetus -with its owm well developed 
circulatory system. The most notable changes are in the skeletal, 
muscular and circulatory systems, and are such as to suggest early 
arrest in the development of the segmentation of the sclerotomes 
and myotomes. This idea is especially supported by the presence of 
the poorly segmented cartilaginous spine. It seems prohahlc that 
the development of the spine was arrested at the stage of primitive 
pre-cartilaginous mesenchymal tissue, corresponding to about the 
4th week of development (Keith, 1933 ; Florian. and Rankenherger, 
1939). That this arrest of segmentation involved not only the 
sclerotomes but also the myotomes seems to be supported hy the 
presence of a large undifferentiated muscular layer in the thoracic 
and abdominal region. The primary change which caused these 
malformations resulted also in abnormal development of the sM, 


the pelvic girdle and the upper and lower limbs. 

The above hypothesis differs from that put forward by many 
authors with regard to hemiacardiac and acardiac (amorphous) 
foetuses. These are usually regarded as the consequence of msl- 
formation of the circulatory system, the defective fcetus being 
considered as a parasite on the circulatory system of the secon 
foetus — the chorionangiopagus parasiticus (Schwalbe). The fact a 
the present specimen is a single foetus with a circulatory system o i s 
own supports the idea now put forward. . 

It is probable that the poor circulation due to the prim 
cardiovascular malformations occasioned secondary changes a 
mechanical factors. The saccular dilatation of the 
cavity, the ftumel-hke formation of the orifice of the , 
cava, and perhaps also the formation of the large atnoven 


ostium may be regarded in this way, . 

On the other hand the persistence of the truncus a 
related malformations of the heart found in the presen jjy 
been described in foetuses and childi’en which were 

/TTnTVi-»-»ViT»/a-rr£? VQ'IO. TCpf+.lftT. 1939; Hunter, ' 


developed (Hxunphreys, 1932 ; Kettler, 1939 ; Hunter, > 

1946). Because of this, it is possible that the only 

heart in the present case may be mdependent an r ^ 
coincidentally to the other abnormalities, but the i ea 
related seems the more probable. However, ttos ques ^ 
of the causal genesis of the malformation of the basic mesen 


must be left without final answer. 


F(ETUS PSEUDO-AWRPHUS G55 

SUSttlABY 

A foetus pseudo-amorphus, born of a mother suffering from 
mitral stenosis, is described. It is a single foetus, and the most 
interesting changes are found in the skeleton, muscles and circulatory 
system, especially the heart and aorta. The malformation is inter- 
preted as tlie result of early disturbance in tlie segmentation of the 
sclerotomes and myotomes and in the formation of the heart. 


RIIFERENCES 

Flobia>', J., Aim FRA^^rElr• 1939. Embryologie, Prague, 


BERQEB, Z. 

HuarpUREYs, Ei;eanob M. . . 1932. Arc/i. xiv, 671. 

Hunter, O. B., Jr. .... 1944. Ibid,, xxxvii, 328. 

Keito, a 1933. Human embryology and morpho- 

logy. 6th ed., Lotidon. 

Kettler, L. H 1939. Arch, path, Anat,, ccciv, 613. 

Webb, A. C 1946. AreJt. Path., xlii, 427^ 


AnDtriONAL REFERENCES 


Brodsky, I 

BusBAtni, H., AND Wachsman, 
B. V. 

BrBTRIOH, A 

Gr^Ioler, F 

HAStaTON, W. J., Boyd, J. D,, 
AND MOSSilAN, H. W. 

HOETERUAlfN, C 

ICAPPEEaiAN, M. D 

Le Vine, I., AND Wolf, I. J. . , 

SCIDIID, B. . 

Seidl, j. . 

SmONDS, J. AND Gqwen, G. a. 
Stewart, M. J 

VAN Tonqeben, E. C. . . . 


1939. Med. J. Atwtrah, i, 639. 

1938. Amtr, J. Obst. Qyn,, xxxvi, 1055. 

1906. Verh, Dlsch. path. Qesel. (1905), ix, 
198. 

1933. Arc7i. path, Anat., cclxxxix, 430. 
1945. Human embryology, Cambridge. 

1927. Med. IClin., xxiii, 400. 

1944. Anwr, J, Obst. Oyn., xlvii, 412. 

1940. Ibid., xl, 327. 

1936. Z, Oeburieh. Ogndh, exui, 272. 

1927. Sbomifc Ukafskj}, xxix, 109. 

1925. Surg. Oyn. Obst., xli, 171, 

1913-14. Proc. Roy. Ooa Med., vii. Sect. 

Obst. and Gyn., 131. 

1932. 2bl. Gyndk, Ivi, 694, 




6i6 — 003 . 7 : 616 . 9 — 022 

BACTERIAL "CALCULI” 

Harold B. Hewtit 

From tho John Burford Carlitl Inatitule of Pathology, 

IVestminster Hospital, London 

(Plates XGIX-CI) 

The production of calcium carbonate by micro-organisms receives 
only scanty reference in textbooks of bacterial chemistry. Buchanan 
and Fulmer (1928), for example, refer only to the formation of calcium 
carbonate crystals on the sporangia of certain species of Mucor, while 
Bmssoff (1916, cited by Buchanan and Fulmer, 19S0) records the 
precipitation of calcium carbonate as a -white coherent film by Fern- 
bacterium calceum. The formation of visible aggregations of calcium 
carbonate by commonly encountered varieties of bacteria growing on 
routine solid media does not appear to have been described. Since 
this process may give rise to curious colom'a! appearances liable to be 
ascribed to bacterial dissociation, an account of the phenomenon may 
be of interest. 


Prcliminori/ obsemalitme 

In the course of a routine bacteriological examination a pure 
growth of Bad. friedlanderi was obtained from the sputum of a 
patient who had been on penicillin inhalation therapy for two weeks. 
Examination of indi-vidual colonies with a hand lens revealed a number 
of small white particles lying within the translucent colony substance 
and distinguishable from it by their greater density. Examination 
under the low power of the microscope confirmed the discrete nature 
of the particles, which displayed a certain uniformity in shape but 
considerable diversity in size. These bodies wore situated on the 
surface of affected colonies, which showed interruptions of their 
normal gloss when -viewed by oblique reflected light. Stained films 
of these colonies showed uniform Gram-negative bacilli ; there was 
no evidence to suggest that the intra-colonial bodies were symbionts. 
In view of these findings, the appearances were at this time considered 
to be a manifestation of bacterial dissociation, and attempts were 
made, using a micromanipulator, to subculture the opaque bodies. 
In every case the subcultures gave normal Bad. friedlanderi colonies, 
in which, however, the formation of these intra-colonial bodies was 
repeated. In the course of the next few days all the cultures grown 

3. Txtn, met.— TOL. ux 6S7 
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at the routine bacteriology bench were examined under the low power 
of the microscope, and a similar condition was observed sffectm 
colonies of a wide variety of organisms including Pro/erw vulgaris, Bad. 
coli, Bact. typhosum, Staphylococcus aureus, Ps. pyocyanea, Bacillus sub- 
tilts and Gorynebacterium hofimnnii ; the appearances were not seen on 
smaller colonies such as those of streptococci and pneumococci. One 
exceptionally moist culture of Proteus provided incontestable evidence 
that the bodies were intra-colonial and had not merely formed in the 
underlying agar, for in this culture they could be seen streaming 
about in the convection currents present in the growth. 

The composition of these particles is described in greater detail 
below ; it suffices here to state that they contain a high proportion 
of calcium carbonate. The appearances described are reproduced in 
figs. 1-3. Fig. 1 shows a culture of Proteus on blood agar photo- 
graphed by oblique reflected light against a dark background. The 
white areas are zones in which intra-colonial particles have formed. 
Fig. 2 shows the appearance of the particles under the low power of 
the microscope. The structure of the bodies is seen under higher 
magnification in fig. 3. 


Cultural conditions 


It became clear from the wide variety of organisms displaying 
•the phenomenon that it was dependent upon a peculiarity of the 
medium. Now the medium on which these appearances had been 
produced was of standard composition : 2’5 per cent, agar fibre, 
1 per cent. Lemco (Oxo), 1 per cent, Evans’s peptone, O'o per cent, 
sodium chloride and 3 per cent, oxalated horse bloodi these con 
stituents being made up in tap water. Phosphates were preoipita e 
by boiling and removed by filtration, and the medium was c a c 
•by filtration through paper pulp and acid-washed sand. In ® ° 
these standard constituents and the routine method of prepare i . 
it ■was found that the phenomenon would occur ■with one a c 


medium and not with another. . 

Attempts were next made to reproduce the 
appearances by adding various substances to a simpk 
nutrient agar made up "with distilled water. It of 

appearances could be reproduced consistently by t e a 
soluble calcium salts. A series of plates was . calcium 

simple medium containing concentrations of supeza 
xanging from 0-1 to 1-0 per cent, (approximately), '^e 
inoculated with a coUform organism which had pro w 
particles previously and was incubated for 24= horns. 6 
was obtained on all plates, no suggestion of inhi i jg;; of 

.any plate. The cultures on media containing 0-3 ^ j^edia 

added calcium showed no carbonate bodies. T e c ^ ^ 

.containing higher concentrations, up to and me u 
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formed numerous carbonate bodies, though their number and size 
showed no tendency to increase with the concentration of calcium. 
Other soluble calcium salts such as calcium acetate were as cffectire 
as calcium chloride, but relatively insoluble salts such as calcium oxide 
wore ineffective. Part of the added calcium is precipitated as calcium 
phosphate and a further part is probably bound to protein, when it 
may or may not be available to form carbonate. Should calcium so 
bound be unable to take part in the reaction, then clearly a proteolytic 
organism may make it available. In this connection it may be 
mentioned that proteolytic organisms such as Ps. pyocyanca and Proteus 
show a special facility in the formation of carbonate on- a medium 
containing a relatively low concentration of calcium. Precipitation of 
calcium as phosphate and binding with protein make it almost 
impossible to state the minimum concentration of “ free ” calcium 
reqm'red for carbonate formation to occur The range of calcium 
concentration with which the phenomenon was observed, i.e. 
between 0-3 and I'O per cent, of calcium chloride, was considerably 
below the inhibitory concentration given by Winslow and Hotchkiss 
(1921-22) for Bact. coli in 1 per cent, peptone, namely 0-6 M 
(5-B per cent.). 

The appearance of carbonate bodies in cultures growing on routine 
media is evidently due, when it occurs, to a fortuitously liigh calcium 
content. The constituents of the Lab Lemco medium referred to 
were tested qualitatively for the presence of calcium. It was found 
that solutions of peptone, of Lab Lemco and of agar fibre in distilled 
water all gave moderate precipitates on the addition of ammonium 
oxalate solution. It is concluded that the variability in the formation 
of calcium carbonate bodies from one batch of medium to another 
is due to variation in the calcium content of ono or more of the 
constituents of the medium. The source and physical properties of 
agar are such that a variation in the calcium content might well be 
expected. 

Drying of the culture is not a factor in the formation of carbonate 
bodies : they have been produced in overnight cultures growing in 
screw-capped vials containing condensation water. 

The distribution of carbonate bodies in a culture is seldom 
uniform : in an area of confluent grorvth the bodies are most evident 
in a zone immediately within the periphery, and in general it may he 
said that they tend to be most concentrated over the thickest parts of 
the culture where, presumably, metabolism and reproduction have 
been greatest. Sometimes the bodies tend to he concentrated in the 
cultures over the scratches made by the inoculating loop. When 
colonies are discrete but close together, the bodies may bo seen only 
m the colonies towards the periphery of the plate. This may be due 
to the pater share of nutrients available to the peripheral colonies 
ana tlioir consequent greater metabolic rate. 
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Composition of the carbonate bodies 


Wien an emulsifiable culture containing carbonate bodies is sliakon 
up -with water, the bodies retain their discrete nature and sediment 
rapidly. It is therefore^ fairly simple to wash them free of culture 
and to subject them to simple physical and chemical examination. 

It was found (using polaroid accessories) that they u’cre opticallv 
active and insoluble in water and organic solvents. They charred 
slightly on heating but retained their form and optical activity on 
heating to the melting point of glass. They dissolved incompletely 
in dilute mineral acids with the evolution of carbon dioxide and the 


resulting solution gave a heavy precipitate with ammonium oxalate 
solution. The fraction remaining after the action of acid was studied 
by observing the acid digestion of an isolated particle through the 
microscope. The optical activity was slowly discharged from without 
inwards, leaving an optically inactive “ ghost ’’ of much the same 
size and shape as the original particle. When acid digestion was 
arrested by dilution after it had proceeded half-way through a particle 
(as observed by polarised hght), and the specimen then fixed by heat, 
stained with methylene blue and examined under oil immersion, the 
preparation revealed that the optically inactive periphery consisted 
of bacteria. These were somewhat pleomorphic and irregularly 
stained. The optically active fragment remaining in the centre of 
the particle still contained closely packed bacteria which could ^ 
focussed at various levels throughout the fragment. These enmeshM 
bacteria showed very little capacity to take up the stain, evident y 
on account of the barrier provided by the inorganic material, n 
some particles the enmeshed bacteria gave the impression of an^ 
undergone some orderly arrangement inasmuch as they on 
to Iie_ with their long axes parallel. Other particles were foun w 


which no bacteria could be demonstrated. . , 

The composition of the bodies is thus in part orgaiuc an 
inorganic, a feature wliich they share with other biologica b 
such as shells, bones, pearls, calculi, etc. Indeed, it is not 
to refer to these intra-colonial formations as “ bacteria 
“ bacterial calculi.” Further evidence that these bodies 
formations rather than simple crystalline structures is provi^ 
observation that the morphology and tint of the bo es is ^ 
extent characterised by the species of the associated i bY°the 

shows the appearance of calcium carbonate crystals pro u gg|^tion 
addition of ammonium carbonate solution to calcium c on 
in the presence of serum. Fig. 5 shows carbonate o 
from a culture of J?ac(. coU ; these are angular an c ear y 
able from the smooth, spherical bodies shown m ^ ’ jg pot a 
separated from a culture of Fs. pyocyanea. Tte , gomo 

function of size. It may be mentioned here a ^ ycry 

strains of Ps. pyocyanea containing carbonate o 
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lieautiful picture when viewed by polarised light, owing to the presence 
of both optically active carbonate bodies and optically active pyo- 
cyanin crystals. 

Mode of formation of carbonate bodies 

A probable explanation of tho fornaation of calcium carbonate by 
micro-organisms is thot calcium ions adsorbed on the bacteria react 
with ammonium carbonate secreted by the organism in the course of 
nitrogen metabolism. Such an explanation is in complete accord 
with the conditions found to affect tho formation of intra-coloriial 
carbonate bodies. In tho interval between two closely adjacent colonies 
growing on a medium containing a high concentration of supplemcntaiy 
calcium, bo^es resembling the intra-colonial formations may appear 
in the medium, showing that the reacting bacterial product is diffusible. 
Incorporation of sub-inhibitory concentrations of urea in the medium 
enhances carbonate formation by urease-producing organisms bub 
not by non-producers of urease. The presence of a fermentable 
carbohydrate entirely suppresses carbonate production. This may 
be due to the formation of soluble calcium lactate, but it may equally 
well be due to inhibition of ammonification following the preferential 
use of the carbohydrate as an energy source (Kendall, 1022), Finally, 
when ammonium carbonate solution is allowed to diffuse from o 
central cup into a medium containing supplemcntaiy calcium, 
carbonate bodies resembling intra-oolonial formations appear in the 
agar surrounding the cop. 

The intimate combination of bacteria and carbonate found in tho 
intra-colonial bodies might he explained by the fact that calcium ions 
are readily adsorbed on bacterial cells. MoCalla (1040) reports that 
about SO miiii-equivalents of adsorbed magnesium per 100 g. of 
bacteria are replaceable by oaloium, and Fulmer el al. (1921) report a 
reduction in tho ash content of yeast from 6-3 to 3-0 per cent, as 
the result of growth in a medium free from magnesium and calcium. 
Thus the adsorbed calcium might be expected to react with the 
excreted ammonium carbonate ot the surface of the bacterium, 
enclosing it within a carbonate shell. The focal distribution of the 
catfaonate bodies within a colony is, however, more difSoult to explain. 

Seeemblance of carbmale bodies to daughter colonies 

Intra-colonial carbonate bodies are unlikely to be mistaken for the 
more commonly encountered appearances due to bacterial dissociation, 
such as daughter colony formation by mutants of Sad. coU. Other 
types of daughter colony have, however, been described (Hadley 1927} 
which are extremely rWzoid and closely resemble crystalline d’eposite 
m the agar. Some writers state that such bard daughter colonies 
may be distinguished from crystalline deposits by crushing on a sUde 
and staining. Oearly, such a manoeuvre would fail to distinguish 
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daughter colonies from carbonate bodies, since the latter mnisin 
bacteria. 

Croic^hank (1935) describes the appearance of clumps (" bodies or 
spots p in colonies of Bad. typhi-flmwm, and confirms the ohserraiion 
by Hirsch (1934) of striking biconvex bodies (“ Wetzsteinfoimen ”) 
which may appear in the centres of colonies of this organism grorinc 
on nutrient agar. ISTo investigation of the chemical nature of these 
wetzsteinformen ” appears to have been made. 

Carbonate bodies- are readily distinguished from all forms of 
bacterial dissociation by examining the affected colonies by polarhcd 
light : carbonate bodies show distinct optical activify. 


Calcium, carbonate in relation to calculus formation 

It has already been suggested that the complex of organic and 
inorganic material composing the carbonate bodies entitles them to 
be termed “ bacterial calculi ". It is interesting to consider vliefncr 
such bodies may act as nuclei in the formation of calculi in man and 
animals. The high correlation between stasis, infection and calculus 
formation is well known. Eisenstaedt (1931), for example, reports 
that the nuclei of an entire series of 55 renal stones of various kinds 
examined contained bacteria which appeared to be material factors 
in their production. The same writer states that the likelihood of 
stone formation is markedly increased when the infecting organism 
is a urea splitter, and quotes Rovsing’s (1923) opinion that a urea- 
splitting staphylococcus is the most frequent cause of recurrent rerui 
lithiasis. In considering infection as a factor in calculus formation, 
attention must be paid to bacteriological rather than clinical infection . 
stasis and saprophytic infection may exist in semi-static amius 
secretions without inflammation. The emphasis on urea-splitting m 
relation to calculus formation suggests that the formation of c< cim 
carbonate may be an important factor in the initiation of a cacu us- 
It is the initiation of a calculus which poses the essential pro ^ cm 
lithiasis. Aggregations of crystalloid substances normally 
the animal secretions are capable of solution by dilution or 
of reaction, and purely protein aggregations are norma y 
by proteolysis. Microbial carbonate calculi such as are ^ ere ® 
cannot be dissolved by these processes, since they ^liat 

not normally found in animal secretions. It has been o " . -gg 

bacterial carbonate bodies will form in fluid ^ cu ^ 
supplementary calcium as well as on solid media, an ^ ^ 
cases a proportion of the particles are resistant to so u i 

hydrochloric acid. , „„nsf;tuent of a 

Calcium carbonate is rarely the predominan prostatic 

calculus except in the case of salivary,^ pancrea ic, ^ p,,,- 

calculi. A very liigh proportion of ca.lculi_do .j quantitic-’ 

bubbles of gas with dilute hydrochloric acid. ‘ 
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of carbonate can bo appreciated if the powdered calculus is extracted 
with cWoroform and water, and the deposit treated with acid while 
under observation with the microscope. It would be of considerable 
interest to Imow whether this very constant carbonate fraction resides 
in the nuclei of calculi. 

It may bo objected that the concentration of calcium present m 
animal secretions is far below the minimum concentration required in 
bacteriological media before visible carbonate bodies are produced. 
It must be remembered however that saprophytic organisms present 
in the ducts and receptacles of animal secretory organs are provided 
with a flouing medium and therefore with a continual supply of 
calcium, li'urthennoro such organisms, when colonised, are able to 
effect high local concentrations of calcium by their faculty of 
adsorption. 

The production of calcium carbonate by bacteria growing in 
animal secretions is analogous to the production of calcium phosphate 
in similar situations by pliosphatase-produoing organisms (Glock et al., 
1938). The production of salivary calculi (Soderlund, 1920-21) and 
of dental tartar has been ascribed to such bacterial activity. 

In the reports of Eous and his colleagues (Drury, McMoster and 
Rous, 192i; Rous, Drury and McMastcr, 1924; Rous, McMaster 
and Drury, 1924) on experimental investigations relating to stone 
formation there appear numerous observations which support the 
hypothesis that calcium carbonate may play an important part in 
the provision of calculus nuclei. Stones which had formed in dogs 
intubated for the collection of bile under sterile conditions and in the 
absence of stasis consisted almost enturely of two substances — calcium 
carbonate and calcium bilirubinate. The carbonate calculi reacted 
to treatment with dilute acid in precisely the same manner as the 
bacterial calculi here described, an organic “ shadow ” remaining 
behind after the optical activity had been discharged by acid. Rous 
and Ids co-workers describe carbonate inclusions which they found 
at the centre of small human gall-stones, and carbonate “ splieroliths ” 
which they found in the gall-bladder sediment of cases of cholelithiasis 
and cholecystitis. Groups of these carbonate calculi are reproduced 
(figs. 7 and 8) from the papers by Rous and liis colleagues (Rous, 
Drury and McMaster, fig. 7 ; Rous, McMaster and Drury, fig. 8). 
The resemblance to “bacterial calculi” is striking. Rous reports 
that the carbonate nuclei found in sterile dog bile were invariably 
associated with clamps of organic debris, and since the nuclei always 
appeared to develop witliin the organic material, he presumed that 
the formation of the carbonate depended upon some special condition 
existing TOthin the organic material. It may be conjectured from the 
observations here reported concerning the mode of formation of 

bacterial calculi ”, that the special condition postulated by Rous to 
explain carbonate production rrithin organic debris may have been the 
liberation of ammonium carbonate by autolysis of the organic material. 
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. It IS reasonable to associate the findings of Rous and Jii, colloid, 
^th those described in this paper, by suggesting that “ carbn'>t^' 
bodies ” may be formed in various biological systems as the rei‘ 
of the local production of ammonium carbonate in tlie presence of 
soluble calcium. The ammonium carbonate may be formed hv if.' 
autolysis of organic material or as a product of bacterial meiahkm 
and both soui-ces may play a part in the formation of calculus nucki! 


Summary 

The formation vithin colonies of various bacterial species of 
optically active bodies composed largely of calcium carbonate i^ 
described. 

These bodies appeared in cultures groiving on ordinary routin'' 
media and the phenomenon is associated with an unusually high 
calcium content in the medium. 

Evidence is presented to show that these bodies are biological 
structures having an organic and an inorganic part, and the term 
“ baetenal calculi ” is therefore saggested. 

The mode of formation of the bodies is discussed. 

Attention is drawn to the possibility of confusing the carbonate 
bodies with manifestations of bacterial dissociation. 

The significance of the carbonate bodies in relation to calculus 
formation in man and animals is discussed. 


I am indebted to Professor R. J. V. Pulvertaft for iiis constant advice and 
encouragement and for many helpful suggestions. My thanks ore due nl.u te 
Dr N. F. Maclagan and Dr Paul Pineus, Melbourne, for valuable advice and 
criticism, and to Dr Peyton Rous and the Journal of Experimeninl Medicine to. 
allowing me to reproduce figs. 7 and 8. 
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GROWTH AND REPAIR IN ADIPOSE TISSUE 
G. R. CASiERO^f and R. D. Seneviratne 

Department of Morbid Anatom>f, Univcrsitij College Hospital 
Medimt School^ London 

‘ (PxwlTE CII) 

Mvck uncertainty exists about the growth and regeneration of adipose 
tissue. So far as we Icnow, no-one has submitted the problem to a 
quantitative study, although all pathologists are aware that fat 
increases or decreases in amount under varying conditions of meta- 
bolism and at various epochs of life. In this paper we describe some 
experiments designed to show whether adult fatty tissue regenerates 
under the stimulus of partial removal of the parent mass. 

Mctbods 

We have worked with the bilateral folds of omenttim-like tissue attached 
to the testes of rats. For convenience w© refer to this as testicular omentum. 
Healthy male albino Wistar rats, 8 weeks old, were selected for uniformity 
in body weight. Under open ether ansesthesia and with strict aseptic pro* 
cautions, the abdominal cavity was opened through a Bub.umbilical middin© 
incision and about half of on© or both t^ticular omenta removed. Gentle 
traction on the testis was necessary for this manccuvre, but no permanent damage 
of that organ resulted in any of the animals. The stump of the omentum was 
ligatured with cotton thread ; in a fow animals no ligature was used, bleeding 
being controlled with a cautery, Tho abdomen was closed with two layers 
of continuoTis cotton sutures. Little bleeding occurred and tho animals made 
an iminterrupted recovery. Stitch abscesses developed in several animals but 
cleared up ndthout much trouble after a few weeks. Four groups of rats were 
employed, In one group, about half of tho left testicular omentum, in the 
second, half of both left and right testicular omenta was removed. In the 
third, a portion of the gastric omentum was detached, the amount of tissue 
being about half of that obtained from the testicular omentum because fli© 
gastric omentum is a scanty structure in 8*weeks*old rats. This group served 
as a control to the first and second groups, since all operative procedures were 
similar in the three categories, with tlw ©xcoption of the type of tissue removed. 
A fourth series, killed at the time of operation, provided data on tho normal 
weights of the structures concerned. The table shows a striking similarity in 
body weights between all 4 groups, so that wo feel justified in applying tho 
mean values for the testicular omenta obtained from group 4 to the other 
groups in assessing repair of the om^tal adipose tissue. 

In addition, wo removed testicular omentum from a further group of 8- 
wecks-old rats for the purpose of studying the histological changes in the stump 
at varying times after resection. Finally, autologous grafting of the testicular 
rATH. BACr.—TOt. ux fiC5 
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omentum was performed in 10 three-weeks-old rats, the graft being 
to the peritoneum by a single cotton thread. 

^ Tlie duration of the resection experiments was tliree months and (inaig 
this time the rats were given unlimited amounts of M.R.C. rat cubes and rafr:. 
No more than 5 animals lived in the same cage. Eopeated weighing indica'fei' 
a steady increase in growth once the set-back consequent on the operation 
overcome. At the end of the experimental period the rats were quickly kilbi 
with ether and chloroform, their testes and omenta carefully dbsocted cut, 
separated, lightly swabbed with cotton wool and weighed. Material for micro- 
scopic examination was fixed in 10 per cent, formol-solino and froren m 1 
paraffin sections prepared in the usual fashion for staining ivith Sudan III, 
Ehrlich’s acid hematoxylin and eosin and Weigert’s iron h;eraatox)din and 
van Gieson. A few animals were injected through the abdominal aorta vrith a 
suspension of india ink prior to making spreads on a glass slide of the vhob 
omentum, the object of this teelmiquo being to obtain a clearer idea of ih? 
distribution of the blood vessels and the lobules of fat in the intact organ. Hu; 
device is of especial value in studying the omentum in young rats. 


RESUIiTS 

!r/ie normal testicular omentum 

At birth, the normal testicular omentum of the albino rat is w 
more than a minute tubular peritoneal fold which is found with some 
difficulty. It consists of small clumps of rounded or polyhedral ce 5 



Fia. 1 . — Spread of testicular omentum from /-days old r 

developing fat cells. Camera lucida drawing. 


pi! 


cf 


grouped together in close relationship to a^-v ^ graiiuh^ 


groupea togetner in ciose gramuc.-' 

offshoot from the main vessels supplying le ® . j^spniblc 

small globules are found within these cells, ew 
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signet cells of mature adipose tissue. Some are quite free from fat 
inclusions, seeming to exist as a sheath around the smaller 
The organ possesses a simple leaf-like structure u-bose ha^o fr 
to the capsule enclosing the testis. By three weeks after birt), i- 
omentum is several mm. long and shows more complicated branchin: 




(^) ' * f ^ 

Fig. 4. — ^Projection drawings of testicular omental spends XlM*- 

cells with increasing age : (a) 7 days, (&) 23 days, (c) 5 ays, 

.. .. jt. 


whilst white fatis plainly seen in its substance. Bat ce , throas!* 

many are filling up with fat, and all stages from a j. Paring 

foamy cjdnplasm to coarse globules exist side y si « 

the first and second months of life growth ,g o). The 

chiefly through elongation and branching of e org 

fat cells become larger and soon reach the a “ ® ° found 

sheaths of small cells containing tmy fat granule 
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^vithout muoU difficulty (fig. 3). The fatty tissue now takes on the 
appearance of tiny discrete masses separated hy thin folds of peri- 
toneum associated with the ramifying blood vessels. A fine capillary 
plexus penetrates each mass and maintains an intimate connection 
•with every fat cell. It does not seem to be appreciated generally 
how vascular adipose tissue is, though this fact has been emphasised 
recently by Gersh and Still (1945) and can be confirmed quite easily 
by injection of the main vascular supply of the structure. Expansion 
of fat cells by fat storage proceeds well into maturity in the rat (fig. 4) 
and ■without doubt is largely responsible for omental growth. 
Dr J. D. Judah kindly estimated the fat content of a few mature 
omenta and found that os much os 90 per cent, of tho dried weight 
was fat. Nevertheless, an increase in number of cells plays a part, 
the elongation of the main vascular trunks being accompanied by new 
formation of minute fat-cell clumps along their distal expansions. 
Close scrutiny fails to disclose any evidence of division of pre-existing 
fat cells and it is difficult to avoid the impression that gro'wth is tho 
result of differentiation.of cells initially free from fat in close association 
with the growing blood vessels. Speed of groTvth is considerable in 
tho white rat, and reference to our table indicates that the right 
testicular omentum may enlarge from 0'22 g. at 2 months to 1-24 g. 
at 6 months, a sixfold increase. During this period body weight just 
about doubles itself, so that the omental expansion seems to be some- 
thing more than just part of a general somatic phenomenon. Our 
table also brings ont the remarkable agreement in beha'viour of the 
two omenta. 

Fat grafts 

Like Hausbergor (1938) we have been able to demonstrate the 
growth of autologous fatty grafts provided with a favourable nidus 
in the peritoneum. Hausbergor transplanted the omental rudiment 
shortly after birth and obtained large masses of adipose tissue, 
resembling tho intact organ in size and structure. Unfortunately he 
gives no details from which to assess the success of his experiments. 
We used tissue from somewhat older animals (three weeks after birth) 
and were less successful than Hausbergor appears to have been. In 
no instance did we meet -with a graft which approached the size of the 
omentum corresponding to the age of the animal, but technical faults 
may have been responsible. However, we did not pursue the matter 
very far. We found no evidence of direct multiplication of fat cells 
in the graft and concluded that expansion of the tissue follows the 
normal plan of growth. 


QuanUlatm changes after partial removal of the testicular omentum 

Our results are summarised in the table. Group 4 of S-rveeks-old 
rats may be taken as an indicator of conditions holding for group 1 
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at the time of operation. The left testicular omentum a\'era<^e(l O'*''’ n 
for a body weight of 116 g.^ An average amount of 0-12 g. 
removed from each rat leaving, we may assume, O-IO g of left 
testicular omental tissue behind. After 3 months this fragincn! 
increased to a mean value of 0-46 g. Control rats (group 2) of abooi 
the same mean body weight (120 g.) increased their left omental tfeue 
from an assumed mean of 0*22 g. to 1-24 g. In other words, tbo 
resected animals grew an average amount of 0-36 g. of fat in tlirw 
months, whereas the controls produced 1-02 g., nearly three timrs as 
much. Obsnously there was no attempt to make good the deficit in 
the resected rats, which suggests that partial removal of the omentum 


Table 

Body weight and weight of testicular and gastric omenta before and 
after partial removal of omentum 


rats la weight at 


1. Removal of part of left 

testicular omentum from 
rats 8 weeks old 

2. Removal of part of gastric 

omentum from rats 8 
weeks old 

3. Removal of part of both 

testicular omenta from 
rats 8 weeks old 
1 4. Normal rata 8 weeks old 


Mean weight 
of tissue 
removed 
from 
testicular 


0-29 

(R+L) 



group operation „ after 

<e-> Smentum 

(g.) 


- , 5E"ti3 j 

3" Utoperatlon 


222 

I 

228 '’"‘I 

215 ®'’| 


0-22 0-22 I - 
! 


does not act as a local stimulus for growth. The speed o 

the two groups seems to have been much the same,^ for le - ^ 

animals increased their left omental tissue 4-58 times ( 

to 0-46 g.), the controls 5-55 times (from 0-22 to 

same period of time. This again indicates contempt 

stimulus. Our data give no reason for thinking that t c m 

testicular omentum compensates in any way for its jiiean 

since apparently it grew more or less at the expected ra e. ^ 

of 1-08 g. for the right testicular omentum is certainly ^ 

of 1 -24 g. for the control group, despite the close ^ one 

body weights— 222 and 228 g.— bnt the discrepancy is p 

of sampling. If compensation had occurred e 

would have been much heavier than in the con ro ^ jj, {jic 

may have been compensation for this local oss f ^ 

body fat, since the stores of adipose tissue are considemb , 
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assumes a unity of function throughout the fatty mass of the organism 
and homeostasis in the system. We possess no information about 
such matters ; on the contrary, pathological experience suggests a 
fair degree of isolationism amongst the adipose tissues of the body. 

The experiments in which both omenta were partly resected also 
gave no evidence of regeneration, but the number of animals employed 
was too few to warrant much attention. We conclude from these 
results that adipose tissue shows little or no local regeneration under 
the stimulus of partial removal, even though it be growing actively. 


Jlftcroscopical changes at the site of partial removal 0 / testicular omentum 

Close study of the region adjacent to o line of resection of testicular 
omentum has failed to convince us of the occurrence of repair of 
mature fat cells. Our preparations cover a period of 6 months. 

Twenty-four hours after resection the capillaries in the fatty tissue 
close to the line of section appear very numerous and are distended 
with red corpuscles. Migration of leucocytes from the small vessels is 
going on and these colls can be traced to the divided surface, where 
they are packed together in a fairly wide zone together with a few 
lymphocytes and macrophages, some strands of fibrin and remnants 
of divided fat cells. Leucocytes also extend a short distance between 
the deeper normal fat cells. Macrophages are most numerous where 
fat cells have ruptured and show great variation in size and shape. 
Some are elongated and star-shaped, resembling young fibroblasts, 
and these appear to be formed in the vicinity of capillaries. A few 
contain tiny globules of fat. The mature fat cells around the incision 
are normal. 

After 2 days the divided omentum is swollen and much congested, 
due to dilatation and opening up of most of the capillaries. Along the 
out edge there is dense infiltration with mononuclear cells, fewer 
leucocytes and a certain number of large colls like fibroblasts arranged 
at right angles to the general direction of the fat cells and in close 
relation to capillaries. A few “ foam ” cells are present, and some 
mature fat cells showing shrinkage and vacuolated fat, but there is 
no evidence of division of these cells. 

By "t days a wide zone of reparative tissue exists at the out edge, 
composed of mononuclear cells, large lymphocytes, plasma cells and 
fibroblasts. Fibrillation is going on actively near the necrotic remnants 
and now capillaries grow in from the deeper capillary plexuses around 
the mature fat cells. Around these, also, are many inflammatory 
cells, some of which invade the occasional degenerate fat cells found 
here. Huge macrophages stippled with fat occur wherever fat cells 
are shrunken and breaking up. A few large spaces filled with fat are 
outUnod by rings of elongated mononucleated cells, suggesting the 
encirclement of effused fat with macrophages. These are the earh'est 
indications of future oU oj'sts enclosed by giant cells. There is stiff 
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no evidence of division of fat cells, though it would be easy to mkakc 
some of the large fat-containing macrophages for young fat cells. 

5 daus a well defined reparative zone covers the divided surface 
of the omentum and much of the deeper capillary congestion has dis- 
appeared, although the increased cellularity of tliis region still jwrsids. 
Fibroblasts in aU stages of development are aligned parallel to the 
surface and are associated with numerous fine fibrils staining light 
pink or yellow with van Gieson, Some of these are reticalum fibrce. 
Small collections of leucocytes and lymphocytes persist near the 
surface or around fat-cell remnants. The matm'e fat cells are sharplv 
separated from the granulation tissue and present no convincing 
evidence of cell division. A few of them are very large and contain 
foamy protoplasm and very large nuclei but no mitotic figures. Small 
oil cysts are forming, surrounded by foam cells. 

A( 7 days collagen and reticulum are well in evidence around 
fibroblasts, foam cells are numerous and mitotic division is going 
on in some of the mononuclear cells, but mature fat cells aro not 
proliferating. Foreign-body giant cells now appear close to the 


ligature and smaU oil cysts are forming. 

By 14 days there is complete covering of the divided Burface vvith 
organising fibrous tissue rich in mononuclear cells and fibroblasts. 
Strands of this tissue penetrate for some distance into the omentum 
between the fat cells. Concentric whorls of young fibrous tissue and 
newly formed giant cells enclose ligature remnants and small oil cysts 
or massive cholesterol crystals (fig. 6). Foam cells are still numerous, 
some quite large, with a lace-like cjdoplasm, but none of tlie mature 


fat cells show signs of division. _ r 

From now on there is progressive fibrosis and giant-cell forma mn 
around the ligature remnants and organisation of the reparative fissue 
over the cut surface. A few oil cysts persist for long perio 
in giant cells and whorls of fine fibrous tissue (fig. 6)- ‘ , 

throughout the six months after operation is there ovi em» 
proliferation of fat cells. In the later months the cUvr e on 
surface becomes smooth and thin and is occasional y a a 


abdominal structures by fibrous adhesions. ^ 

We conclude from om’ microscopical studies that .j. w 

testicular omentum leads to aseptic inflammation ao 
granulation and fibrous tissue. Proliferation of of 

does not occur, either in the zone of tissue adjacen o 


injury or at a distance from it. 


DlSCUSSIOJiT 

Discussion of regeneration in adipose tissue ^^•^'^rt^storage depot 
our minds of the view that this tissue is a purey of 

with little metabolism of its own. The mo demon- 

Schoenheimer and his associates (Schoenheuner, 
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yio 6 — Testjcular omentum H days after rcmo\ at of nboxit hatf the organ Organising 
gramdatxon tissue, foam ccUh and giant celh grouped nround damaged fat cells 
H nmlE X 100 
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Btrated the state of continuous flux in wliich fat cells exist. A copious 
blood supply ivdth potentialities scarcely inferior to those of some 
forms of muscle (Catohpole and Gersh, 1947), provides for a not 
inconsiderable oxygen consumption (Hoffmann and Wertheimer, 
1927) ; indeed, there are varieties of fatty tissue, the so-called brown 
fat, with a respiration as great as that of the kidney .(ITleisehmann, 
1929) and a rich complement of enzyme systems such as succinate 
and pyruvate oxidases, cytochrome oxidase, ascorbic acid and 
diphosphothiamine and lipases (Hook and Barron, 1941 ; Fawcett, 
1947). Adipose tissue, therefore, should bo looked upon as a highly 
specialised, well differentiated organ rather than a modification of 
connective tissue, although no doubt it shares some of the functions 
of the latter. 

For this reason it is not surprising that regeneration is an in- 
conspicuous feature of fat cells, for a good deal of biological observation 
supports the generalisation that highly differentiated tissues are often 
poor at regeneration. 

The literature is full of uncertainty on these matters and at least 
two sets of opinions have been expressed about normal growth of 
white fat. 

1. Many writers agree that it is a derivative of connective tissue. 
Flemming (1871 a and 6, 1876) stated that any such cells, especially 
when young and in close relation to blood vessels, can be converted 
into fat colls. He postulated slowing of the blood flow in dilated blood 
vessels with increased transudation into connective tissue as important 
factors in the transformation. “ Das Fettgewobe ist eine physiologisohe 
Form des Bindegewebes ”. von Kblliker (1886, 1889-1902) believed 
that fat droplets are deposited in connective tissue cells and support 
for this view has been adduced by Hammar (1895), Bell (1909), Berg 
(1910-11) and Foot (1912). Chiari (1909-12) istinguished two sets of 
fatty tissue colls, both derived from primitive mesenchyme, and Inglis 
(1926-27) agreed that white fat is a variety of connective tissue, 
though the glandular brown fat of the axillaj, mediastinum and sub- 
pleural regions bears some relation to lymph and htemolymph nodes. 

2. Some writers hold that a special stem cell is responsible. Toldt 
(1870) described specific anlagen in the embryo with characteristic 
vascular systems and lobular groupings of fat cells, and Mallory 
(1914) agreed that- a special fat cell is set apart early in development 
for fat storage. Wassermanu (1925-26) refers the embryonic origin 
of all fatty tissues to primitive fat organa which are clumps of branched 
or even syncytial cells associated with numerous capillaries and very 
little connective tissue. Hjemopoicsis goes on in these organs, which 
have much in common with bone marrow. Wassermann believes that 
primitive fat is akin to retioulo-cndothelial tissue arising from the 
mesenchyme of vessels. Recent work by Tedesohi (1946) supports this 
view. Storage of vital dyes by embryonic fat cells and to a less extent 
by mature fat cells has been described by Volterra (1923), Dogliotti 
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(1928-29) and Bremer (1937-38), observations which give some ‘^uniw 
to the reticulo-endothelial theory. " 

No decision about regeneration of fat cells has been reached 
Division of pre-existing fat ceUs was described by Fiemmin« {iSTl 
a and b), Pfeifer (1892), Rothmann (1894), SchujeninofF (1897)° Conlil 
and Ranvier (1901) and Marchand (1901) in a variety of pathological 
conditions. Relin and his co-workers (Rehn, 1912, 1913 ; Eden and 
Rehn, 1914 ; Eden, 1917) and Eisleb (1916) followed the belmvioui 
of autologous and homologous fatty grafts in animals and man. 
emphasising the production of young fat cells from pre-existing mature 
cells by amitosis. Rehn at no time saw mitotic diwsion in adipore 
cells. He gave an accurate account of aseptic inflammation and (he 
formation of oil cysts and giant cells, but his description of young 
fat cells carries no conviction, for it fails to differentiate them from 
macrophages which have ingested fat granules. 3Iarclmnd (1920), 
though well aware of the difficulties introduced by phagocytosis of 
fat, accepted the evidence in favour of fat-cell regeneration. He 
made the curious statement that the membrane of degenerating fat 
cells behaves hke collagen fibres in connective tissue, and neu' cells 
arise from that portion of the protoplasm which contains the nucleus, 
AH workers with fatty grafts admit, however, that true regeneration 
is slight. 

In an investigation of experimental osteomyelitis, Enderlen (1899) 
described giant-cell production and formation of fat cells around the 
injured area between the 8th and 16th days. He derived the nere fat 
cells from proliferating coimective tissue. Hayashi (1915) reached 
somewhat similar conclusions from an experimental study of fat 
necrosis in subcutaneous tissue, though he placed more cmplia>i3 
on histiocytes than on fibrocytes. A straightforward ° * 
regeneration has been given by Maximow (1903-04, 1912), Zieglerj 1 
Marx (1910) and Makkas (1912), based on experimental studies w 
which the part played by macrophages has been given 
recognition, von Verebely (1907) accepted an origin from roon 
nuclear phagocytes and mature fat cells. ^ 

Our investigations give no support to the idea of ^ 

adipose tissue, since neither grafts nor traumatised omen ® 
showed proliferation of fat cells, although repair by fibrous 
duction went on in the accustomed fashion in both. 

studies afford convincing proof that a local stimffius of pa la 

does not stimulate compensatory hypertrophy in a fat 1 
theless, such a tissue as the testicular omentum ;vhole. 

at a speed several times that exhibited by the „jj 3 g jikely 

The explanation of this paradox is not clear, thoug J jjjg 

that the growth of fat is incremental rather than ® x-g’^jon of 
sense that new fat ceUs are produced ttooug , ^j-gmevork. 
precursors in close association with an expanding v 
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SWMMAHi" 

A study of growth and repair in adipose tissue such as the testicular 
omentum of the albino rat leads to the conclusion that mature fat 
cells possess no proliferative capacity, although new fatty tissue can 
bo laid down by modification of cells in close association with blood 
vessels. 

Wo are indebted to Drs Iv. K. Chong, J. D. Judah and R. H. D. Short, and 
to Messrs R. J. Crow and John Boyloy for much assistance. Expenses were 
met by a grant from the Graham Research Fund of tlio University of London. 
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TUBERCniLOSIS OF THE BRADI AND OVARY M A BIRD 

it li Rcwteli. 

Zooro<ncaJ Socie«»( of London 

Tuberculosis is a relatively conimon disease of dornestio poultrj {e g* 
Gallagher, 1921 , Feldman, 1938) and has often been recorded m -mid birds m 
captivity, aithoiigli it is doubtful if it occurs m tho wild state (Fox, 1023 , 
Scott, 1930 , Hamerton, 1935) Most bu-ds appear to be susceptible only to 
the aMan tyi>e (F Griffith, 1911, p 171), although parrots are prone to 
cutaneous lesions due to the human type and infection may spread from parrot 
to man and \ ice versa (Scott) Human infection with tho avmn strain is probably 
rare (Branch, 1931) 

Among wild birds in captivity, tho organs moat commonly affected would 
appear to be the li\ or, spleen, lungs and air sacs m order of descendmg frequency, 
although the exact order differs among authorities In all senes tho liver 
heads the list No case nith m%olvement of the ovaries is recorded by Fox, 
but Scott saw one, possiblj due to direct spread from infected kidneys How 
ever, Gallagher m domestic fowls and Hamerton m wild birds found ovarian 
lesions not infrcquentlj 

Scott found one tubercle in tho monmgos of nn Australian rail, Ballus 
pecloraUs Feldmon could find no reference to a lesion of the brain itself 
m any bird In his ov%ti senes tho brains were submitted to microscopical 
examination with negative results, but others hove not been as thorough 

The following case, therefore, exhibits a verj unusual distribution of lesions, 
that in the brain being possiblj unique 

Caec report 

Tho subject was a female mandarin duck, A%x gahnculata, which had lived 
in the Zoological Gardens m Regents Park for four years and two months 
All this time it liad been m an open enclosure with other water fowl among 
whom cases of tuberculosis had occurred sporadically Its exact age and 
origin wero not known, since it liad been presented by a private collector It 
died unexpectedlj 

At necropsy the bwd vs as found to bo rooderatoly well nourished and in 
good plumage Tho air passages and air sacs were normal, but the lungs 
contamed man> caseous nodule up to 1 cm m diameter In tho ludneys, 
tuberculous masses were numerous and reached a diameter of 2 era A number 
of minute tubercles were seen in tho ovaries, which were m the state of winter 
quiescence and contained no mature o\ a 

Tlie peritoneal cavity contained mucli turbid fluid, as is usual in tubercle 
m birds, and there was a heavy deposit of greenish fibrin on all tho serous 
surfaces, but no tubercles The parenchyma of the hver showed fatty change, 
but no tubercles wore found on repeated section Tho spleen was enlarged and 
caseation replaced most of tlie parenchyma 
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Withiii the cranium the meninges appeared normal and Jho duM 


jj'i ^ t , 7 ® iivixiiui ana t/je dum 

readily from the leptomenmges which, with the surface of the brah “ 

aY-k-*-»<nrtY»o^-irtrt TT^_— _ t . . 


■1 ^ ' '***' -«A*Mvu x/i i/iu Orail) ci 

normal appearance. However, a soft liiemorrhagic nodtdc, about 3 Zu h 
diameter lay some 2 mm. below the surface of the right cerebral hcnvbnW 
Ho abnormalities were found in any other of the organs. ' ' 


Histological aj>pearances 

Spleen and kidneys. These organs showed tj^iical avian tuberde-' tf t 
rather cliromc type, namely, a central area of necrosis, witli a niarginal zo*'.'' 
of lymphocytes and fibroblasts. Innumerable acid-fast bacilli were prK-j! 
at the periphery of these lesions. 

Ovary. Tubercle bacilli were seen within the smaller blood ves-eh ar.l 
these formed the starting point of a number of early tubercles. It was eviilwi 
that these organisms had not come from the Iddney by direct spread. Tl:: 
tubercles lay very close to the developing ova. 

Brain. The lesion found on naked-eye examination was a typiod aviv. 
tuberculoma of a rather chronic type with fibrous wall. Innumerable acid-fa-*, 
bacilli were present in all parts of the section examined, being found in nuivcs 
in the small arteries round which tubercles were forming. In some places the 
organisms appeared to be caught up in thrombi within the vesaeh. Srcdl 
tubercles surroimded the main lesion. 


Discussion 

In birds tuberculosis is thought to enter by the digestive tract as a mb 
and to spread by the blood stream. Bland Sutton (1886) saw the baciti in 
•clusters in the veins, noted the frequency of involvement of the liver, M' 
advanced an ingenious theory to account for the spread by invoking mcdiwiM 
pressure exerted by the swelling of this organ and of the spleen when f 
vessels were blocked by infected thrombi. In tho present case tho ban i ww 
evident within blood vessels, but these were usually' arterioles, especia ) te 
brain ; the liver was not invoh'ed. . 

In birds the lymphatic system is known to be well developed m s«c i . ^ 
species as geese and duclcs (Lauth, 1824), fowls and doves (Josifo , - 
consists of a number of large vessels which accompany the main oo * ^ 
and open on each side into the angle between the jugular and su o a«a 
Lymph nodes do not appear to be described, so that PiS 

be traced by their involvement. It is curious to note that 
■“ cervical lymph glands ” has been reported (F. Griffith). have 

are lacking and these may have been subcutaneous noclu os 
developed in the lymphatic plexus which accompanies the m-catl. 

side (Josifoff). If so, their occurrence would seem to indica e y P 

Danger to man from infected eggs used as food does no Q(i%glur, 

Fitch and Lubbehusen (1927-28), confirming earlier statemenw^^^^^^^^^^ 


foimd that tuberculous hens layed fewer eggs than usual, that ou'. ^ 


nens layeu ' infertile. W' 

of those surviving were infected and that most of these wer jjjp^tctl- 

(1931), howev'er, foimd as many as 3 per cent, of such eg^ °„vian bacillus (' J- 
authors do not consider man to be very susceptible o le , o'.he-' 

Branch, 1931), while A. S. Griffith (1928-29) in 54 , 

mammals found the avian strain in only two, zq pjmla'U- I” 

The rarity of involvement of tho brain in birds Js ^ i infected 

classical experiments of F. Griffith a jn any. Pc-^‘bh> 

avian bacilli, but brain lesions are not mentioned avinn form <•• 

therefore, absence of cerebral involvement is charac en j,p]in tn.’i'U' 

tuberculosis. If the normal method of spread is y i 
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well cscapo infection on accouat of the negative pressure within its venous 
amuses Arterial spread would not be subject to this limitation and this ^ 
what has occurred in the present case 


•Summary 


A COSO of tuberculosis m a mandarin duck (Atx galenculata) is described 
Lesions occurred in the lungs, spleen, kidney, ovury and brain In birds, 
tuberculosis of the ovary is uncommon and m tho brain it appears to be v ery 
rwa In birds, tuberclo baciUi muallj spread by invasion of the veins In 
the brain of tins duck the arterioles were uvvotved, which may eKplam the 
unusual site of tlie lesion It would appear, however, that avian tubercle 
bacilli rarely involve the brain m experimental infections of other animals, 
e\ en when lymplmtic spread occurs 


I have to thank the Zoological Societ> of London for permission to publish 
this case 
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576 . 8 . 097 . 3 : 619 . 9 [ . 975+ . 976] 
NATURAL AND ACQUIRED BD.IUNITY IN FROGS AND FISH 
K A Dissct 

Department oj Bactenology, Umversity of Birmingham 

In two previous jiapers (Bisset, 1046, 1947a) I have described tho oflect of 
temperature upon the host porasite relationship in bacterial infections of cold 
blooded vertebrates Tho balance which exists at low temperatures is disturbed, 
when tho temperature is raised, by mcrcases m both the virulonce of tho 
infecting organism and the immunological responses of the host In particular, 
antibody production is inhibited at temperatures below about 12® C 

J rm DACT — TOU ux 2 y 
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UBGICAL of A CAUCINOm OT ' ^ 

lilE URINABY BLADDER 

Geokge Lumb 

^epariment of Pathology. Westminster Hospital. London 
(Plates CIU aul CIV) 

recognised. It transplantation of malignant tumoufs is «!*!! 

carefully, and it is fn rarely possible to observe the phcnomen'is 

MIo,4 rse l^co J 

Oase history 

on 24 12 ^ ’ admitted to the Westminster Hoiita! 

attack of nnir .1 ^ profuse hmmatm-ia for one month and an bobtet 

A diaenos^s ^^turia seven years previously which lasted for 4$ hoars. 

31.12 da c?,v „ ofthe bladder was made after cj’stoscopy. and on 

peritonea 7 ah/i Gade opened the bladder tlirough a mid-line edw- 

tissue wai Jneision. A large amount of friable papillomafom torr.oor 

vround Ttrnc ^f^^r the base of the growth had been fuimratfti, the 

patent 7 .ntfr ^ catheter. The abdominal simii ttmnaed 

trnnsnla,.*a-r- " Stanley Leo performed a second operation for 

evst^atnm-o- ureters into the sigmoid colon as a prelimh'SfJ' 

time of this operation a small nodule was noticed on the 
bar? bo anterior abdominal avail in the region ai'hoxo stitcher 

Aftf^r uaserted during the previous operation. This was remoi'ed for h’.ojrJ)-. 
a rrr r! ® the patient had a temporary period of relief, until he began 

inl^f • <^wnhiU course and finally died on 18.5.47 of an ascending trail 

liar) b*™' . ' ^^A.47 a portion of the skin of the abdommal operation -'c-’-t 
een excised, as it apparently contained a nodule of growth. 


Histology 

The primary bladder tumour proves to be a typical transitional-cell enrcinonii 
O pap ary type (fig. i). j^g biop^ from the anterior abdominal wall ai-a 
shows tumour tissue (figs. 3 and 4). embedded in which is seen a smnlt gm«p 



J \\'n\ Vot TlX 


plktr cm 




J PiTU BACT— \or, LIX 


Plate CIV 


'lRA^s^LAT^^ATlON or CAVcta or bladdlk 



1 1(3 3 —High po\'er ^ tew of stitcli tr«n«plont mto tlte posterior gurfrtco of tho ontenor 
nbdominol (first btopsj), sliowmg cnt gut relics eiubertded in tumour tissue 
xUO 
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of highly refrftctile, optically active bodios—obviously suture relics — surrounded 
by a foreign-body giant-cell reaction. The presence of these suture relics 
gives added support to the view that the malignant cells have been 
transferred to their new site by the stitch. 

Tlie biopsy of the abdominal scar akin (fig. 2) shows further infiltration of 
the dermis by anaplastic carcinoma cells, which esctend right up to the deeper 
layers of the epidermis. 

Discussion 

Numerous references to surgical transplantation of tumours are to be found 
in the literature, and even those who have levelled criticisms against the theory 
of spontaneous implantation metastasis on epithelial surfaces have never denied 
the occurrence of accidental surgical transference. Willis (1934) presents a good 
review of the literature. ^llQst of tho eases reported ace of transplants into an 
anterior abdominal wall scar following an intra-abdominal operation. Maybury 
and Dyke (1925-20) reported multiple gro^vth5 in tho scar resulting from an 
operation on what w^ae apparently a simple papilloma of tho bladder. The 
secondary deposits were considered to bo malignant. Barnard and Robb-Smith 
(1945) refer to a case of Sir Bernard Spilsburj^’s where an adenocarcinoma of 
the liver was transplanted into tho overlying skin following exploration with 
syringe and needle in order to exclude a liver abscess. 

In the case here presented it is considered thot both tho deposits which 
appeared in the anterior abdominal wall following the original operation are 
examples of surgical transplantation. Evidence for this view is particularly 
strong in respect of tho first biopsy, which shows a foreign-body reaction around 
suture relics in the midst of the carcinomatous deposit, and it would seem 
reasonable to conclude that the tumour removed at the second biopsy had also 
reached its site in the abdominal scar os a result of surgical transplantation. 


Sttmmartf 

A case of carcinoma of the bladder is presented in which transplantation 
of the tumour occurred both to the posterior surface of the anterior abdominal 
wall and, later, to the skin of the obdominal scar. 

My thanks are due to Sir Stanford Cade and Mr E. Stonley Lee, tho surgeons 
in charge of this case ; and to Dr Peter Hnnsell of the Westminster Hospital 
Photographic Department. 
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Fio. 1. — Blood film from case 1 (splenoctomised familial hromolytio anamia) shoiring 
basophilic granules in red cells. Leishman. X COO. 

Fig. 2. — Same area ns fig. 1, now showing siderotic in place of basophilic granules, 
after do-staining with eosin and then re-staining by means of the Prussian blue 
reaction. X GOO. 

Fig. 3. — Blood film from case 2 (splenoctomised acquired hccmolytic ansemia) showing 
basophilic granules in rod cells. Methylene blue. X COO. 

Fig. 4. — Blood film from floxod-tail aniemic gnouso showing basophilic granules in red 
cells. Methylene blue, x G46. 

Fig. 5.— Same area os fig. 4, showing de-staining of granules after eosin treatment. 
X046. 

Fig. 0. — Same area as figs. 4 and 0, now showing siderotic in place of basophihe granules 
after ro-staining by moans of the Prussian blue reaction. X 645. 
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Frc 7 — ^Blood film from cn«iQ T (splcn<*c 
tomjsed ocquiretl htmolytic nnxmift) ^-how 
ing eulerocytes ond sicleiotic gnnulcs m 
cytoplosm of some niiclontrd red cells tlio 
distribution, is ponnucleir m one cell 
Prussinn blue X 090 



showing sideroevtes ond sidccotic granules 
m some mirlcitod red cells The grmiules 
oro absent from tlio more primitive cells 
Pr«*'->nn blue X O'lO 



Fio 9 — Blood film from Cftso 4 (rayelo 
sclerosis and splenomegaly ) showing 
scattered basophilic granules m many 
red cells nnd clnssienl difTuso punctnto 
basophilia m two prominent cells silimted 
below and to the left of the centro 
Slothylene blue X G 90 



Fio 10 - — Same area ns fig 9 show mg 
eiderocytea nnd n negative iron reaction of 
the punctate basophils The nucleated rod 
cell m tliQ right lower comer shows a 
Ijennuclenr distribution of siderotic granules 
Prussian bluo XG 90 
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chromatic and polycliromatio cells Nitmcrous siderocytes were demonstrated 
m another film submitted to the Prussian blue test 

Pig 4 shows a methylene blue stained blood film, kmdly given to us bj 
Dr Grunoberg, of a four day old flexed tailed an®mic mouse There are 
numerous bosophihc granules of \anous sizes in the red cells Fig 5 shows 
complete de stammg of the granules by eosm In fig 6 tho same area re stained 
bj potassium ferroc>anid 0 and hjdrochlonc acid shows siderotic granules 
which can bo identified with the basophilic granules seen m fig 4 As m case 1, 
not all the basophilic granules appear to contain stamable iron 

Pig 7 (case 3) shows a blood film submitted to the Prussian blue reaction 
from a patient with acquired hTimolytic aniemia who had relapsed after 
splenectomy In addition to scattered siderocytes, siderotic granules are present 
m the cjdoplasm of some of the nucleated red cells, which were plentiful m the 
peripheral blood In a proportion of the nucleated red colls the iron contammg 
granules showed a perinuclear distribution , one example is seen m fig 7 
Roraanowsky preparations of this case showed basophilio granules in 
erjdhrocytes They could not be readily identified m the basophilic cytoplasm 
of nucleated red cells Pig 8, a film of sternal marrow from case 1 stained by 
means of the Prussian blue reaction, again demonstrates that siderotic granules 
may bo found within tho cytoplasm of nucleated red cells They are absent 
from the more primitive non hasmoglobmiscd red cell precursors 

Pig 9 (case 4) is a methjlene blue stained blood film from a patient with 
myelosclerosis and splenomegaly (no splenectomy), whose peripheral blood 
contained nucleated red cells and showed classical punctate basophilia as well 
as siderotic basophilic red cell inclusions Two prominent red cells in fig 9 
show the numerous diffusely scattered small dots of punctate basophilia These 
contrast with tho fow coarse and fine bodies seen m other red cells Pig 10 
shows the same area after eosm treatment and re stammg by the Prussian 
blue method The cells which showed difi'use punctate basophilia giv e a negati\ e 
reaction for iron The larger basophilic granules m tho small cell near tho 
centre of the figure give a poaitvN e iron reaction, ns do the scattered granules 
and fine dots previously almost masked by cytoplasnuc basophilia in adjacent 
red cells 

The above findings confirm our impression that the red cells contammg 
basophilic iron positive granules described by Pnppenhoimer et al were m fact 
siderocjtes, and w© have presented further evidence in figs 1, 3, 4 and 9 
that siderocytes may show basophilic stammg with methylene blue and the 
Romanowsky dyes AVhether all siderotic granules as re\ ealed by Gruneberg’s 
technique are basophilic remains to bo seen In addition to tho negative 
reaction for iron of the diffuse punctate basophilia seen in fig 10 wo found a 
negativ e reaction m Howell Jolly bodies We cannot oxplam why the films 
showed fewer siderotic than basophilic granules (figs 2 and D) The iron content 
of the negatively reactmg granules may be too small for detection by tho 
Prussian blue reaction , possibly, but we think less likely, tliey represent 
altered remnants of primitive cytoplasm os described for classical punctate 
basophilia The demonstration (figs 7, 8 and 10) of the appearance of siderotic 
granules m nucleated red cells, apparently pan paasu with the cells’ acquisition 
of hcemoglobm, fav'oiws Gruneborg’s hypothesis of their ongm 

Summary 

A small series of photomicrographa of blood films is presented which 
demonstrates that siderotic granules in red cells may be basophilic 

grateful to Dr J F Loutit for blood from cases 2 and 3 and 
to Mr E V WiUmott for preparmg the photomicrographs 
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6i6. 13: 618.545—00;. 4 
ECTOPIC DECIDUA IN THE RENAL PELVIS 
H. F. Bettinger 

From the Department of Pathology, The Women’s Hospital, Melbourne 

(PiATE cm) 

Tlie frequency with wliicli a diagnosis of ectopic decidua is made depeads 
to some extent on what is regarded as ectopic decidua. If the term is taken 
in its widest sense to include tlie occurrence of decidual elements at any site 
other than that of the implantation of the o\Tun, the condition is fairly common, 
However, it would be the formation of decidua in the uterus during an eofopio 
pregnancy that would account for many such diagnoses. An even larger 
number of cases could be collected if the decidual reaction of the endocervical 
stroma during pregnancy were included. This occurrence is not as widely 
known as it might be, probably because there is not often the opportunity to 
obtain material from the cervix for histological examination during pregnancy. 
It might, however, be worth while to record in passing that we have obtained 
in this department a large series of cervical biopsies, taken on the occasion of 
curettages for incomplete abortion, and have seen at least some evidence of 
decidual reaction in practically every case. It is also a regular finding m 
cervical poljrps removed during pregnancy. The practical importance of tl!e.>e 
observations lies in the fact that isolated collections of decidual cells ila^e no 
infrequently been mistaken for carcinoma. . , 

It seems better, therefore, and more in keeping with general tBago to res 
the range of the term “ ectopic decidua ” to cases ocourrinv nntsido <be uterus. 
The condition is then fairly rare, the ovaries being most 
but observations of its occurrence over a wide area of the 
peritoneum and its vmderljdng structiues have been recorded. . 

It is probably no coincidence that the pattern of the distribution ® 
decidua follows rather, closely’’ that of endometriosis. There is first the * 
that a number of cases of ectopic decidual formation actually occur m are 
endometriosis. The decidua] reaction of the stroma can be so 
it makes any glandular elements which may he present quite a 

Secondly, both conditions obviously require for their occurrence wo 
suitable soil and a suitable stimulus. The “ soil ” is the same for 0 ® 

— a mesenchymal tissue capable of responding with the {ormation 0 


frequently involved, 

parietal and visceral 
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or decidual endometrial stroma. Such tissue is provided ivlierever derivatives 
of the coplomic epithelium — \vhich early m embryonic life gave rise to the 
mesonephric ridge — ha\o retauied some of tlioir origmal properties This 
reasoning certamly implies that one follona R. Meyer's and E. NovaVs ideas 
{No\ak, 1947) that endometriosis originates at sites nhere this is found. 
Sampson’s (1940) hypothesis, always difficult to accept, has become quite 
imtenable smce Smith and Smith (1916) have proved that menstruatmg endo* 
metriura contams severely toxic substances Tlie stimuli for the development of 
endometriosis and ectopic decidua are, if not identical, at least very closely 
related. Gonadal hormones are involved m both conditions, but m the former 
the accent lies on cestrogemc compounds, whereas , for the latter a strong 
prog^terone action seems essential. 

In both conditions, theory is sometimes confronted mth the difficulty of 
having to find an explanation for a most unusual site of the lesion. One has 
only to think of the famous case of endometriosis of the arm, but m this instance 
Gruenwald (1942) seems to ha\o provided a plausible explanation. 

With regard to ectopic decidual formation, the followmg observation is 
unique as far as I Iiave been able to ascertam 

A woman, aged 33 years, under the car© of Dr J. W. Jolmslone, was found 
to have sever© h'cmaturm during tlio fourth month of lier third pregnancy. 
Further investigation disclosed the presence of a right sided hydronephrosis, 
and as the bleeding from this kidney continued unabated, nephrectomy was 
performed by Dr H. Moore 

The kidney was only slightly enlarged and of normal configuration. The 
renal pelvis was grossly dilated and only a small rim of kidney tissue surrounded 
It Scattered throughout the renal pelvis were a number of whitish plaques of 
about one centimetre m diameter. They were only a few millimetres m height 
and had a smooth surface. Microscopically they were lined by a greatly thinned 
epithelium, the thick transitional opithehum seen elsew'here m the pelvis being 
reduced to one or two layers of colls (figs I and 2), The bulk of n plaque was 
composed of cells which had all the characteristics of decidual cells (figs 2 
and 3) 

This finding was so surprising, and, as a clieck of tlio literature showed, so 
unusual, that every' attempt at arnvmg at another interpretation was made 
However, no other conclusion seemed possible and it is necossory to see how 
this occurrence can be reconciled with the theoretical requirements discussed 
earlier Can the renal pelvis be regardeil ns a ** suitable soil " ? Its nnlage 
develops as a bud fiom the caudal end of the mesonephno duct ; the Mullerian 
or paramesonephric duet develops either from the cranial portion of this anlage 
or at least from the same blastema from winch the mesonephric duct origmated 
earlier Part of this blastema is the overtyrng coelomic epithelium, and it la 
known that its progeny m the form of the peritoneal mesothehum can imdergo 
decidual transformation. A connection can therefore be ostabhshecl, though 
a remote one, but probably it is jnst tins Tomoteness that accounts for the 
extraordinarily rare occurrence of the condition here recorded. 
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THE aiECHAOTSM OF SWAKMING OF PROTEUS 

Iwo Lomnski and A, C. Lendrcji 

From the Departments of Bacteriology and Pathology, 

University and Western Infirmary, Glasgow 

(Pi-ATES CVni AND CIX) 

In our work on the inhibition of swarming of Proteus by detergents (Lominski 
and Lendrum, 1942) we were struck by the complexity of the swarming process 
itself and the present study is an investigation of its cause and course. 

Swarming as seen under a low power may be briefly described as follows. 
On solid media Proteus grows at first without swarming, which appears some 
3-8 hours after inoculation, the time of onset depending mainly on the load 
of inoculum (Moltke, 1929), the concentration of the agar and the lag-time of 
the culture. Light inocula from \'ery young actively motile cidturra occasionally 
result in a swarming growth without the appearance of a solid primary stroke ; 
the ring phenomenon occurs secondarily as usual. The onset of swarming t 
sudden ; clumps of organisms shoot out from the periphery 0 e co 
migrate a considerable distance — occasionally as much ss cm. 1 ^ . 

back and settle. Practically all migrating clumps settle ° 
same distance from the colony and thus form a ^mg w followed 

begins again. The swarming phase lasts for some 10- ™ , . „Q|,gs 3 fhen 

by a period of stationary growth of some 3d5 houm ; the roace between 

repeated up to the limit of the available surface. quite to 

the zones of stationary growth becomes ^adually Med 
the thickness of the zones themselves ; this gives described by 

appearance (fig. 1) of alternating positive Tn the early stages it h 

Epstein (1919) and studied by Russ-Munzer (1934- )• zone are 

actually possible to demonstrate that many pom • ^ occurrence 

sterile. To siun up, swarming does ^ away from the place 

or haphazard in direction ,• it is periodical and directed away 

the fact that swarming of Proteus is a hmtonce .porkers on its 

has, on the other hand, focussed ® onjenon itself, Cantu (19W 

suppression. Among those interested m e P ... proteus is sufficien 

was apparently satisfied that the , thought that swanning » 

explanation of swarming; Seiffert (1920), -ture of healthy indi«^“® 

suppressed by malnutrition, regarded it as a ^ ^aPed it a deliberate 

belongingto the genus Proteus. Moltke, on . . at better life conditions - 

(zielsicher) action following on » hunger and J chemotaxis was 

The possibility that swarming nught be f®® *° ,f ej,tract an active substanc 

forthe first thie by Russ-Miinzer.buthavmg^ 

from the bacterial bodies she concluded 

is part of the life cycle of Proteus starvation, however,^ 

Either the theory of active *?„ing or its J 

to us capable of explaining the orien jg due to negative c 

more likely explanation would be that | metabolites being f 

exerted by the metabolites of the orgamsm, these me ^ c„ 

and accumulating at the site of some of the organ.nis, 

concentration is reached they stimulate swannmg 



\nviNa ot ppon us 



tro 1 — -Pctn dish ouUuco 18 hours flftcr moruhtion of the ngir surfico at tlio centre 
of tlio c role, ahoiving ccntnl mass of growth and concentric rmgs of growth in the 
guarm nhich extends to the limit of tho available surface xj 



l-iG 2 —I’ttn dish culture 24 hours after on moculation of the ngnr surface m the form 
of n rectangle , this shows the central enclosed ogar surface free of an arm and tlio 
surrounding surface co\ ered bj typical swarm with rmgs x I I 



OF PFOTFVS 


680 


possibly tlie younger or the more motile. Tlie metabolites diffuse into the 
medium and form a gradient of decreasing concentration. Swarming takes 
place down this gradient. In the zone immediately stirrounding the stationary 
growth the concentration of melabolitca is such that the organisms proceed 
across this zone without stropping ; ^is territory is, as it were, “ taboo ” fof 
settling. W’hcn, in their progress down the gradient, they reach an are* 
relatively free of metabolites, settling and stationary growth are again poseibld 
and a ring of growth is formed — the positive ring. On such a hypothesis tha 
orientation of swarming, its periodicity and the consequent formation of rings 
could be explained. 


Experimental ob3ervat io)is 


All the experiments described below have been carried out with 24 strains 
of Proteus (12 P, vulgarie and 12 P. mirabilia)^ all fairly recently isolated. 

£xpt. I. The following experiment w'aa devised to test the idea that 
swarming occura down the gradient of metabolites. On tlie surface of an agaf 
plate a heavy inoculum was made from a solid culture, in the form of a ring of 
quadrangle 3*4 mm. wide, care being taken to leave the inside free of inoculum. 
It appears justifiable to assume uniform diffusion of tho metabolites and, since 
agar is a fairly solid colloid, it ia probable that a higher concentration of 
metabolites w’ill be built up inside the ring than outside it. If this idea i^ 
correct, swarming should occur more readily outwards than inwards, or possibly 
not occur inwards at all. The experiment (fig. 2) showed that, provided the 
circle or quadrangle la not too largo, the inoculum sufficiently heavy and the 
agar not too concentrated for diffusion (2 per cent.), tho inside of this “ magiiJ 
circle ” can remain sterile for 48 hours or at most show only a thin veil of 
swarming organisms, wbereas the rest of tho agar surface is covered by a thielc 
overall awarm. This seems to prove the biTpothesis of negative chomotaxis 
and the directional effect of the gradient of metabolites on the swarming. 

Expt. IX. In on attempt to explain the formation of the negative rings the 
following experiment w'as carried out. A stroke was inoculated towards one 
•edge of a Petri dish from a culture known to swarm fairly regularly after 3 hours 
at 37® C. imder our experimental conditions. Before the expected onset of 
swarming — say after 2^ hours — the primary stroke was isolated from the rest 
of the agar by a ciit parallel with and close to it (fig. 3). Tho free area was then 
divided into two segments by a cut at right angles to the previous cut. One 
of the isolated segments was left as control to show that swarming from the 
primary stroke liad not occurred during the first incubation period. On the 
other segment several secondary strokes of inoculum were made parallel to the 
primary stroke and at increasing distances from it ; the dish was then re- 
incubated. After 24 hours in a successful experiment tho control segment is 
sterile. Tho primary stroke sliows stationary growth and swarming over tho 
whole portion of its ngar. On the segment with the secondary strokes there is 
generalised swarming ; the strokes more distant from tho primary show distinct 
stationary growth, but at the site of the nearest secondary stroke there is not 
a trace of stationarj' growth (fig. 3). In this experiment the oiganisms (at 
least those of the first secondary stroke) were inoculated on to what we assumed 
was a metabolite gradient, which m the previous experiment was shown to 
influence the direction of swarming. The results indicate that on such a gradient 
there is swarming, but stationary growth does not occur. It can also be con- 
cluded that the metabolites diffuse rapidly .into the agar and before tho onset 
of swarming. 


Expt. III. In an attempt to obtain the active metabolites cell-free, a 
-hhour broth culture of ProteiM was filtered through a Chamberland L3 candle. 

separate strips of agar each about 8x2 cm. were prepared and placed in 
* Petri dish and a abort trench holding about 0-5 c.c. was made at tlie end of 
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diffusion, both strips were inoculated about ? mm 
with Proteus suspended in aaline-llSTn tfm' 
pre-formed metabolites. The strips were left nt minimise the transfer of 
active filtrate swarming starts Torrand canT’",?T^“*“^^^ 
under a low power or b 3 ' making subcultures fr ^ observation 

swarming in the control strip taSs^ewafw ,^^^^ distant areas, whereas 
the Proteus filtrate strip the swarm is all nne f “PP®®’’ (%• 4)- Also, on 
control strip the swarm cov^rthriboU trench while on the 

that the fufrate exSentroften Sd " 

occu^ed in the controls, the positive results of 46 out of 98 experiments are 
initiating sw^iig?*' fi'terable substance can be obtained capable of 

to ® experiments were carried out in order 

to investigate the possible effect of malnutrition on swarming. An agar plate 
was allowed to become overgrown for 24 hours with a non-maltose-fermenting 
^roteus; the surface was thereafter scraped with a glass slide and the centre 
inoculated with a maltose-fermenting variety, the biochemical difference 
allowing the recognition of swarming of the second inoculum. Under these 
eon itions growth is very poor, and swarming, as tested by subculture, 
f absent. However, if such plates before the second inoculation are 
ett for a few days on the bench, or are exposed to ether vapour for 6 hours, 
or are re-melted, they lose their anti-swarming properties without improvement 
m nutrient^ properties. Further, media overgrown with Bad, coli or staphylo- 
cocci inhibit growth but do not inliibit swarming ; growth on such m^ia is 
delicate, but swarming, though almost invisible to the naked eye, can be 
detected by culture. It is thus clear that inhibition of swarming and inhibition 
of ^owth are not due to the same factor and that malnutrition alone does not 
inhibit swarming. The absence of swarming on media recently overgrown 
with Proteus could, in the light of previous experiments, be attributed to lack 
of a gradient, such media being uniformly permeated with the active metabolite. 
On such media the restricted growth does not supply enough of the active 
metabolite to create a substantial excess and thus superimpose a local gradient. 
We have already shown that swarming occurs down a gradient and that 
stationary growth does not incur on a gradient ; it can now be added that 
stationary growth can occur even in the presence of a high concentration o 
metabolites if the concentration is spatially uniform — on a plateau as it were— 
and that, in the absence of a gradient, there is no swarming. These experiments 
also show the labile nature of the active metabolite or metabolites. 

Little information has so far been obtained about the nature of the ac no 
metabolite ; on the possibility that it might be merely alkalinity', £0 ii® 
hydroxide {N/50) and ammonia (5 per cent.) were tested but had no e ec o 
swarming. The ready disappearance of the active metabolite suggests tha 

may perhaps be a volatile substance. <• v, - suits- 

Certain well-lcnown phenomena may be reviewed in the light oft 
Thus it becomes understandable why the higher the water content “ ^ 
the greater the width of the negative rings formed by Proteus, because . 
will obviously be more rapid in the more hydrated agar and tlie 
preventing stationary growth will affect a wider zone. ^ “^pology 

noticed that on solid media Proteus, imdergoes a cyclic change o ™ 
coinciding with the alternating phases of stationary growth an 
(the organisms are short in stationaiy growth and filamentous in 
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SWAB^OKO OF FJIOTEOS 
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a — ^Petri-u)?»J cujturo showing by ftrrons the s>to of the sccotulary strokes mnelo 
on tlj6 segment isolnted by ditchmg before tho eirorm from tho primary fttroke 
Incl reached it Ko stationary gronth is visible at tho site of the seeondarj’ stroke 
neatest to tho primary. (For fuller details see text). 1 1 


■■.si 


Fir. 4 ^Agar strip with trough containing Protein filttuto, showing by arrows the BUe 
of stroke inoculation At room femperaturo, within 20 minutes of inociilntiQn, 
Proteus hml rcaehctl the dotteil lino (demonsfrntod hy suhcuUuro) X 1 1 
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but that m flmd ciiltures no sucli periodic variation occurs and abort rods o»Jy 
are present (In cultures older than 48 hours we noticed the gradual appearance 
of long forms ) Filamentous forms of bacteria are frequently the result of a 
damaging effect of metabolites on cell division , the local accumulation of 
metabolites m solid media as opposed to their uniform diffusion in fluids is a 
tempting explanation for the phenomenon observed by Kuss Hunzer Finally, 
it IS well k^o^vn that growth in soft or senu solid media may stimulate the motility 
of certam flagellate organisms which ahow no motility m fluid cultures, and 
tins effect may well bo due to the formation in semi solid media of a gradient 
of metabolites, presumably exerting a negatn e chemotaxis similar to that of 
Proteus Such a gradient cannot exist m fluid cultures 


Summart/ 

Swarming of Proteus is motility atunulated and orientated by the negative 
chemotactic action of its metabolites Swarmmg occurs only under conditions 
affording a spatial gradient of these metabolites The active substance can bo 
obtamed cell free 

We arc mdebted to the Rankin Research Fund for a grant toward the 
eiqjenses of this work 
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6i8 . 14 — oq6 . 45 

SOLITARY ABENO'\l\OMA OF THE OTERHS 
ItlACNUs Haines 

CheUea Hospital for iromcn, London 
(Pirate CV) 

The tumour of the uterus here described is interesting not on^ m that it 
caused symptoms during the puerpenuro but also because of ita probable 
naturo—sohtary ndcnomjoma 


Case iiEPonr 
Chntcal 

■Ww S P . ago 33, the mfe of a nmchimst. first attended hospital in August 
1843 because of a miscarriage Before nnd after this she had no painful periods 
In August 1040 sho iras delnered of a still bom infant weigliuig 8 lb 2 02 
and remained m bed for si\ neeks Tonaitla the end of September and m early 
October slio nos again m bed because of h-emorrhago— possibly the return of 
mensimation At the end of October she attended hospital complaunng of pam 
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in the abdomen and occasionally in the vagina. The uterus was enlarged to 
the size of a 14 weelrs’ pregnancy. The Friedman test was negative. She was 
examined again in three weeks, when the uterus was found to be larger. She 
stated that her period had begun 13 days before and had lasted 6 daj-s— a normal 
period. She still complained of pain. Hysterectomy was performed. The ovaries 
appeared healthy. 

She has one child, age 10, alive and well, and there had been three mh- 
carriages. 

Morbid anatomy 

The specimen is a complete uterus without appendages. It is asj'metricallr 
enlarged and measures 13 cm. in length. There is a globular tumour in its wall, 
situated posteriorly and to the right. The tumour measures 8 cm. antero- 
posteriorly and is C era. in diameter as seen in fig. 1. In the recent state it 
was soft to the touch but resilient as sorbo rubber. On bisecting the uterus in 
the frontal plane a honeycomb or sponge-like tumour is seen. It appears 
to have arisen in the uterine isthmus and to have expanded laterally and 
posteriorly. It appears to be encapsulated, but strands of muscular tissue are- 
also seen within the tumour between the cavities. The tumom- is intramural 
and has caused elongation and distortion of the uterine cavity.^ The en e^ 
metrium is uniform in thickness (3 mm.). It is not possible ^ ® 
the tumour from the myometrium. No myomata are seen m the sj^umn- 
Bloeks for section were taken from the endometrium above and over the tumour, 
and from the tumour itself. 


Microscopical examination 

Endometrium. The stroma and glands 
normal for the proliferative (oestrogenic) phase. ° ^ of the tumour, 

between the normally situated corporeal endometrium and “ ^ 
Capsidc. The apparent “capsule” consists merely of coniFes.ca ) 

metrium. - „ -.vp, un to 2 nun. 

Tumour. The fenestrations in the t^our, ^®”^jg 3 gjjiW^gcorporral 
diameter, are all lined by cubical or low columnar epi cell stroma, 

epithelium. These glandular structures are J comparison mth 

the elements of which greatly outmunber t p g^jceedingly dense and 
normal endometrium. The stroma is for t e m^ ^ the endomatn^®' 

hyperplastic, like that seen in the noima ® . and more spa^Jf 

In other areas the stroma colls are smaller, e. .^rpnuntered in endometriosis. 

arranged, resembling the cytogenous layer usua y each 

Over all, the pattern consists of "P™ 

surrounded by its own, often thick, investrnenb ™ ti,e mj-ometowa 

Tliat this tumour is formed by endome ri p jj,u 3 cle l^S 

is apparent from the discovery of ^e^eral TnU ftat of 

amongst the stroma (fig, 2). Here e p adenomyon'®’ 

endometriosis and, for those retammg the Oldha m ^ 

present the two criteria, endometrium an ^ been lost m 
The content of the cystic spaces vanes. ^ Hiononuolear 

Many spaces contain “ mucus ”, and m glance of swollen 

seen in the lumen. These have the gooeral a^earan __ p^gg^g.^anthoma 
In no case did they contain iron-reaetuio P 
cells were seen in the stroma, 

Cosimiintaky both 

Although »yomo or the y“«' ^‘tS^ 

pathological and clinical, has ^ ^ to those which con 

Ls been paid, until comparatively recent y, 
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Jmed by an epithelium It should be pomted out that imqualified state 
ments (Curtis, 1933) that myomata occur m which epithelial lined cystic 
•cavities are present are liable to mismterpretation Manj myomata in which 
telangiectatic or lymphangiectatic cavities occurred have been mcorrectly 
described or copied, as contammg cysts lined by “ epithelium ’’ instead of, 
more accurately, endothelium However, m 1882 we find Babes descnbmg 
an intramural myoma of the fundus uteri contammg cysts Imed by cubical 
epithelium Other accounts followed, but it was the outstandmg work of von 
Recklmghausen (1890) and of Cullen (1908) which created world wide mterest m 
this subject They introduced the concept of adcnomyoma and were concerned 
with theories of rotiology which it is unnecessary to consider here It was 
their contention that such tumours be described as comprising both endo 
metrium (glands and stroma) and smooth muscle (myometrium) Gradually 
it was realised that the neoplastic view of the muscular component was un 
tenable and m 1022 we find Blair Bell mtroducmg the term endometrioma 
Fmally, this was changed m favour of endometriosis by Sampson (1927), who 
was opposed to the whole idea of neoplasia In the course of these studies 
monj mstances of endometriosis were found to occur outside the uterus (adnexa 
etc ), so that there arose the division into mtemal and external endometriosis 
Many workers nowadaj's use the terms adenomyoma and mtemal endometriosis 
as synonyms 

Tn the case now reported, a clmicol diagnosis of myoma was mode, and the 
contour of the uterus, when removed, was m fav our of this Tiie consistency 
of the tumour aroused suspicion , although it was realised that degeneratmg 
myomata are soft, they are not visually of a spongy nature ns m this case 
Inspection of the cut surface aroused further suspicions This showed hundreds 
of tiny cystic spaces with clear smooth Immgs The cyst walls did not collapse 
after section A cyatio myoma, on the other hand, shows more or less collapse 
of the cyst walls and the Immg is often rough or even shaggy Unlilce a myoma, 
the tumour would not ‘ shell out *\ and strands of fibromuscular tissue are seen 
coursmg mto the tumour Exatrunation of the section shows clearly that the 
capsule, if such it be called, is merely compressed myometrium 

There are no myomata elsewhere m the specimen nor is there anv evidence 
to support the idea that the tumour is a genum© adenomyoma, t c in the sense 
defined by Stewart (1935), who now mamtains (personal commimication, 19-47) 
that endometrial mvasion, if localised, can stimulate a discrete muscular 
hypertrophy comparable to mjomatous overgrowth 

It may be remarked that a characteristic of this tumour is the considerable 
preponderance of stroma over epithelium As a rule, m endometriosis the 
proportions are reversed and stroma m any quantity is often hard to find 
But in this case there are special circumstances, namely, the recent full term 
pregnancy Durmg this phase there would be considerable decidual reaction 
m the stroma of the tumour and it is probable that hyperplasia of stroma has 
persisted Each epithelial acmus has its own, often very thick, cylinder ** 
of stroma From the natural history of endometriosis, cyst development is to 
be expected This case appears to be unique m its generalised microcystic form 
Uterine adenomyomata exhibiting quite lorge cystic spaces have been described 
from Cullen’s time onwards 

Sotimaby 

The clmical and pathological findmgs are described in a case of discrete 
adenomjoma of the uterus, a tjqie of tumour rarely encoimtered durmg the 
puerpenum In this instance hysterectomy was performed three months after 
the delivery of a still bom infant 

Illustrations prepared by the department of medical photography, 
■tVestmmster Hospital ^ 
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CULI^N, T. S. . 

CtJBTIS, A. H. . 
Recklinghausen, F. von 

Sasipson, J. a. . 
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OBITUARY NOTICES OF DECEASED MEMBERS 

louis (Eobbctt 

(Born IStli May 1863. Died 9th March 1947) 

(PlATE CXI) 

Loots Cobbett was the third son of Arthur Cobhett of Weybridge, 
and was educated at Lancing College (1875-81), where he beoame a 
school prefect. In 1881 he proceeded to Trinity College, Cambridge, 
and took the Natural Sciences Tripos in 1884. Though short in 
stature and light in weight, Cobhett was on excellent oarsman. He 
oared “ bow ” in the First Trinity first boat in the May races in 1883. 
At that time racing took place on six evenings in one week. This boat 
started second, " went down ” on the first night and “ rowed over ” 
on the other five. In 1885 he rowed “ No. 7 ”. This boat started 
fifth and “ rowed over " every night. Cobhett was very enthuBiastio 
about swimming and skating but never took any interest in ball games. 

In the academic year 1884-85, he passed the 2nd M.B. exomination 
and attended courses in medicine and surgery, thus coming under the 
influence of Sir George Humphry (1820-1806) who, with Sir Jlichael 
Foster and Sir George Paget, was one of the founders of the modem 
School of Medicine in Cambridge. Humphry “ was a magnetic teacher, 
employed the Sooratio method and, keen observer himself, urged this 
attitude on his pupils”. Cobhett, who was a good raconteur, had 
many stories to tell of Humphry’s ways and skill in repartee. For 
example, on one occasion when Humphry was an examiner in London, 
a oan(hdate, seeing a rather shabbily dressed old man follouing a short 
distance behind a group of patients on their way to the Examination 
Hall and taking him for a patient, approached him with a half-crown 
in his hand and said in a whisper, “ What is the matter with you, 
my man i ” Humphry gazed at the half-crown and shook his head. 
A second half-crown was added, but he stilt shook his head. When 
a half sovereign was substituted Humphry pocketed the coin, put a 
hand on each side of his mouth and whispered the name of some 
disease. Some candidates who were well acquainted with Humphry 
watched the episode from a distance. 

About this time there was a controversy between those who were 
of opinion that the bowel should be evacuated daily and those who 
thought that longer intervals — ^up to a fortnight — might, at any rate 
in some persons, be regarded as normal and compatible with health. 
Humphry held the latter view, liis house-surgeon the former, and 
they often discussed the matter in the presence of students. One 
j. rrTH. BAcr.— von ux tss 2 y 
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day a healthy-looldng farm lad suffering from some injury annc.rwl 
at out-patxents. On Humpliry asking him how often he 4nt to the 
closet the boy rephed “ Once a week, Sir Humphry was delisted 
and looked at his house-surgeon with an expression which seemed to 
say, “ Have you ever seen a more healthy looldng lad than this?” 
The house-surgeon, realising that the cdse would often be brought 
up against his view, asked “ On wliich day ? ” Receimg the reply 
“On Sundays, Sir”, the house-surgeon said “IVhat about other 
day^s ? ” The answer was “Anywhere behind the hedge, Sir”. 
Cobbett and others were watching from a platform on which students 
attending “ out-patients ” used to stand. 

One of the best of Humphry’s repartees has often been related in 
different ways, but Cobbett, who was present, gave the following 
account. Humphry, who was tall and thin, sat perched like a hawk 
on a high stool and his class, consisting of about eight students, sat in 


a semicircle before liim. After asking a question he would point at one 
of them -with his finger. On one occasion, after a dilScult question, 
the finger, passing along the class in turn, skipped one member who 
seldom answered. The man looked aimoyed but the finger passed 
on till it reached the last man and then suddenly switched back on 
to the one who had been omitted. To Humphry’s evident astonish- 
ment, the correct answer was given. The man, still more annojed, 
said “You seem to be surprised. Sir George ”. Humphry replied, 
“ So was Balaam when his ass spoke ”. 

In 1885 Cobbett went to St Thomas’s Hospital, where later he 
became house-surgeon to the late Sir William MacCormac. ® 
obtained the Conjoint Diploma in 1890, the F.R.C.S. in 1891 an t e 
Cambridge M.B. in the same year. He took the M.D. degree in 
with a thesis “ On the nature of the action of antitoxin^ . 

He returned to Cambridge in 1893, where he lived in lo ® 
2 Round Church Street, and, in the same year, was 
demonstrator of pathology under 0. S. Roy, the first 
pathology in the University, at a stipend of £100 a 
he resigned the demonstratorship on being appointe o 
Walker Student, a post which he held till 1897. Amongs ® 
holders of the demonstratorship or studentsliip or hot i j^Qjjain 
Wright, Humphry RoUeston, W. Hunter, J. G. Adami, • 


Smith and A. A. Kanthack. y\r. S. 

Cobbett’s first paper was written in collaboration ^ 

Melsome and described extended experiments^ on oca .ppQgei 
immunity produced in animals by inoculation ^ studies on 
obtained from cases of erysipelas. ^ He also , ^.jje various 

diphtheria, which included an experimental enquiry. the 

methods of immunising horses for the pro ^ treatment and 
effects in patients of the newly introduced ° ^ organisms 

the cultural characters of the diphtheria ac subjects, 

resembling it, and he pubhshed papers on these and otne 






0B7TVART 


697 


After a visit to the Pasteur Institute in Paris, he -was engaged 
during most of 1897 in making and testing diphtheria antitoxin in 
the lahoratory of Messrs Burroughs Wellcome. In 1898 ho returned 
to Cambridge and worked in the pathological lahoratory till 1902 
without holding any official post but assisting in tlie teaching of 
students. During this period he continued his studies on the 
bacteriology of diphtheria, and he introduced a solidified alkaline 
serum medium ' for the cultivation of material from throat swabs 
which had many advantages over the media commonly employed, 
and a very rapid and satisfactory way of staining the organisms in 
dilute Loefiler’s methylene blue. He also collected evidence on the 
clinical effects of the antitoxin treatment of cases of diphtheria and 
began to study the ways in which the disease spread, especially among 
school children. In 1899 ho noted that the toxicity of the serum of 
different horses for guinea-pigs varies greatly and that the suscepti- 
bility of different individual guinea-pigs varies even more. He noted 
the rapidly fatal results in some of the guinea-pigs and the great 
post-mortem distention of the lungs. He also observed that the 
toxicity was not destroyed by heating to 65° 0. and was little affected 
by passage of the serum through a Martin gelatin-choked filter. In 
1900-01, considerable outbreaks of diphtheria in Cambridge and 
Colchester gave him the opportunity of tracing the spread of the 
disease by the baoteriologieal examination of patients and of school, 
family and other contacts. Ho not only isolated the diphtheria 
baoilU in pure culture from almost every individual patient and 
contact found to be infected, but also investigated their virulence 
for guinea-pigs. jPurther, in order to cheek the spread of the disease 
by carriers, he arranged for their isolation in a building away from 
the isolation hospital until the bacilli seemed to have disappeared 
from their throats and noses as evidenced by three consecutive 
negative examinations of cultures. These were the first large-scale 
investigations of their kind. 

Between 1892 and 1902 Cobbett worked in a small upstairs room, 
divided by match-boarding from other rooms, in the old pathological 
laboratory. This rather small two-storied building, which had been 
erected as a chemical laboratory in 1786, had housed at one period 
anatomy, botany, chemistry, mineralogy, mechanics and physic, and 
parts of it were in a dilapidated state, especially that occupied 
by the department of surgery, which was baAy affected by dry-rot. 
In 1901 about half of the building was pulled down to provide part 
of the site for the new medical school, which was opened by King 
Edward VH in 1904. For the next 24 years the department of 
pathology occupied a considerable part of that building. It removed 
to the present building on the Downing site in 1928. 

I first got to know Cobbett in the long vacation term of 1901 
when, after qualifying, I returned to Cambridge wishing to learn a 
little more about pathology, which, with kindred subjects, appealed 
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to me mow than practice, and joined a very smaU advanced das; 
advertised . to be given by Cobbett. A considerable outbreak of 
diphtheria was in progress in the neighbourhood, and the class devoted 
much of its time to observing Cobbett at work, going over cultures 
from swabs, purifying and identifying organisms from the cultures^ 
obsendng the effects of inoanUtion of animals, making media, heariuff 
the reports of the sanitarj’- inspectors on various matters and of the 
doctors on the effects of antitoxin treatment,* following up patients 
and contacts and keeping records of all such matters. ^Ve were, in 
fact, gaining experience of all the necessarj’’ procedures, both technical 
and administrative. Cohhett’s insistence on scrupulous care in regard 
to every detail and his enthusiasm and readiness to discuss ereij- 
aspect of the outbreak, as well as the care he bestowed on the other 
subjects treated in his course, made a great impression. 


iSoon afterwards he was asked by the town council of Colchester 
for his help in dealing with an alarming outbreak of diphtheria, and 
Cobbett asked me to go there as his assistant and to carry on when- 
ever he was absent. Next year, with the assistance of Professors 
Sims Woodhead and Nuttall, who had recently come to Cambridge, 
he obtained for me the appointment of bacteriologist to the borongh 
of Cambridge and the surrounding districts, I am therefore almost 
entirely indebted to bim for a start in a scientific career. 

In 1902 Cobbett was appointed a scientific investigator to the 
Royal Commission on Tuberculosis with charge of one of the experi- 
mental farms. He therefore went to live iir Stansted, and his sis er 


Effie kept house for him from that time till her death a few yearn ago- 
The well-known account of his work for the Commissioii was pu s e 
in 1907 in an appendix of 1200 pages to the Royal Commission s epo . 
It was illustrated with numerous photographs and figures y . 

For one academic year (1906-07) he held ^ ' p 

pathology in the University of Sheffield, but, preferrmg o 
Cambridge, he resigned and returned to Cambridge, w ere 
appointed university lecturer in pathology t hv 1908, a p® 
till 1929. During this period he taught bacteno ogy 
enthusiasm and published several papers and one 
tuberculosis, with special reference to its metho o 
October 1921 he was awarded the Weber-Parkes ^ .p. 
prevention and cure of tuberculosis by the Boya o ege ^ 
After retiring from the lectureship, be contmue o 
pathology department at Cambridge Sciences 

on tuberculosis to students taking part 11 o 


Tripos up to 1943. „ „}. 3 ter and for 

In his younger days Cobbett was an excellen g — ^ 

* At that time some of the practitioners opposed to 
it “ bending the knee to the medicinal Baal ’ . was £50 a y®®'"’ ^ ^ 

t At that time the usual stipend of a university e 
received £200. 
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several years spent his winter vacations in Switzerland. He was also 
an enthusiastic rider of the “ ordinary ” or “ penny-farthing ” hicyclc 
before the introduction of the “ safety ” bicycle. The “ ordinary ” 
was a distinctly dangerous machine built to suit the height of the 
rider, the handle bars, placed a few inches above the very large front 
wheel, being at the height of the rider’s chin, and the saddle, on the 
“ back-bone ” connecting the large front and the small back wheel, 
almost as high. The cranks were attached directly to the axle of the 
front wheel, so that this wheel made one revolution with each revolution 
of the pedal. The single brake consisted of a rubber block which could 
be pushed down against the narrow solid rubber tyre, a procedure 
which, unless carefull 3 ' performed, was likely to cause an accident. 
At that time the roads were fall of ruts and pot-holes which were 
liable to cause a spill if the back wheel went into them. In going 
downhill it was not an uncommon practice for the rider to place his 
legs over the handle bars so that his feet projected in front. Cobbett, 
long after ho had taken to the “ safety ”, used to relate how pleasant 
it was to ride on an " ordinary ” because he could see the view over 
the hedges and walls and because going down a moderate slope rvith 
the wind behind was the nearest approach to flying that a human 
being was ever likely to achieve. He used to give graphic descriptions 
of some of his adventures on such a machine and especially of one 
when, by mistake, ho rode down a long, steep and winding hill in 
Surrey. Once started on the steep slope it was impossible to stop, 
the speed became terrifying and rounding some of the curves the 
machine seemed to be nearly horizontal. He recalled his sensation 
of being very insecurely perched on a seat five feet above the road, 
his legs, projecting over the handle bars, increasing the difficulty of 
steering, the pedals revolving so fast that any attempt to place his 
feet on them meant instant propulsion over the handles ; anj' 
application of the brakes meant the same result and no hope for a 
safe termination until an upgrade or long flat stretch of road was 
reached. 

After he came back to Cambridge in 1893, he explored all the 
surrounding country-side on his cycle, taking special interest in 
prehistoric earthworks, evidences of “ common-field ” cultivation, 
terraces and old churches, many of which he photographed. On 
one of these excursions, about 1910, he went to the lonelj' village of 
Strethall to ascertain for himself what memory remained of a remark- 
able occurrence there about 00 j'ears previously. In March 1849 
the squire, Nehemiah Perry, shot dead a notorious Gipsy poacher, 
one Abraham Green, who, with others, had broken into his house 
at night with intent to murder him. At the inquest held next day a 
verdict of justifiable homicide was brought in, and the squire was 
thanked by the foreman on behalf of the neighbourhood and con- 
gratulated by the coroner. The body was then exhibited for several 
days in the belfry of the church at 3d. a head and, for various reasons, 

j. riTB. Bicr.— voi. MX 2 y 2 
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“ hundreds came to see it from all parts of the country When it 
became undesirable to keep it there any longer, Perry would have 
liked to have " nailed it up on his bam with the hawks and hand- 
saws ” but, being persuaded that this procedure was no longer 
possible, doubled it up in a large game hamper and sent it to his 
friend. Sir George Paget, regius professor of physic, with the following 
letter on top of it. 

Dear Mr Paget, 

I have shot a man ! 

N. Perry. 


Perry never afterwards ** went out-of-doors without his gun, not even 
across his garden ”. 

Cobbett, finding no one in the house, asked an old gardener if 
he had heard of the tale and if it was true. The old man said “Yes, 
Mlaister, it he true. Little Abel’s body, they do say, it he m the 
Moosum at Cambridge, hut his inards, they he under that there 
stone ”, and added after a pause “ I put them there myself . Greens 
sternum, the lower part perforated by 10 shot holes, is m the pathology 

museum at Cambridge.* , , 

About 1910 Cobbett bought his first motor car and aft r 

excursions were much extended. He was Lor 

out his friends or hoys in whom he was ^ 

laboratory assistants, to see the couiitry and objects aho^ lu k 

he was so enthusiastic, and very often to f "?Lher 

Le occasion, when he was well over 

small party which was being roughly bust e o 

a farmer and his men and received a thrust m his chest with pi 

fork, fortunately without serious consequences. 

^ Before the second world war, ^obb^tt ^nt of 

cruises and became greatly interested m a . Testament, 
the places mentioned in the historical boofe ^ ^ but the 
He thought of completing and pubbshmg his observations. 

outbreak of war prevented kWs project. bred 

About 1912 he acquired Inch-ma-home, m 

there for the rest of his life. Museum of 

Sii CytU Fox, Director of the “"'w life, to 11"* 

knew Cobbett intimately for many years of ks long m 

supplied the foUowing W was about 40 )he ^as 
“,In his middle age (when I first and beautifully 

I thought, a lovely person, with a most interest in 

UorfioAed, with small hands and i» Ff 

people was weU known in Cambridge, and 


education, up to the University, of more 


^ — . bv G. ■ 

* A very interesting account of showing the greft<i 

Antiquarian Soc. 'and 1900. 

customs, beliefs and procedures between 1850 an 
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■with him at the age of 18 or 19 may be cited as charaoteriatio. I 
■was sitting on the sea front at Worthing (where I ivas being taught— 
of all things !— the art and mystery of market gardening under glass) 
when he entered into conversation with me, asking about the antiquities 
of the district. I showed him a scale plan I had made, and happened 
to have in my bicycle basket, of Cisburj^ hill-foot, and on the next 
Saturday afternoon we went there together. An invitation to stay 
■with him at Round Church Street followed, and when, shortly after- 
wards, he became one of the pathologists to the Royal Commission 
on Tuberculosis and that body wanted a clerk, he offered me the job. 
Being thus for the first time brought into direct and continuous contact 
■with University people and scientific humanism, I feel I owe my 
happy life of congenial work mainly to lum. 

“ He several times told mo that he took up bacteriology because, 
when he had completed his medical training, ho became independent 
through the death of his father, and determined to do some of the 
unpaid work of the world. The independence of outlook which the 
possession of an unearned competence can give was characteristic of 
him. He had no illusions and allowed none to relatives or friends. 
Though very fond of his sister Eflfie, he used to make fun of her 
attitude to life and people. A good example of his outspokenness 
occurred after I left Cambridge in 1924. In a couple of years time I 
returned to stay ■with him. On that occasion he remarked ‘ You know, 
Vox, I always cite you as the best example I luiow of a man made by 
the War. Your generation, in your field of interest (as in others), 
was mostly killed in the War, so there was no competition for vacant 
posts when it ended, and you just walked in where you liked ’. 

“ Cobhett was a delightful companion, treating youngsters as 
though they were his equals and laying before them the tiohes of his 
mind without stint. He taught mo by inference and indirectly the 
importance of exact statement and to avoid emotionalism in expression. 
He was most generous ; never hod I to pay when we were together, 
whether it was a meal or a week-end at a pub. He liked good food, 
but professed no interest in or Icnowlcdge of ■wine ; bottled beer was 
the staple drink at his table. 

" He took an immense interest in gardening and delighted to show 
friends the beauties and variety of Ids rook- and water-garden. In 
his o'wn house ho was socially superb. For years I was welcome at 
any time, at any meal ; but most welcome in the evenings. I would 
find him reading in his armchair beside the revolving bookcase, smoking 
his favourite Craven in the pink tin. Sister Effle would ho on the other 
side of the fire. He would look up, smile and pass the tin, and perhaps 
invite my attention to the latest literature in the bookcase or listen 
to any remarks I might make; and then continue his reading, 
stopping from time to time to discuss any point that Interested Idra 
or to listen to anything I had to say. Thus there was never that 
awkward pause which so commonly occurs in ordinary households 
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when, one’s host having directed his whole time to the visitor and topics 
of mutual interest being exhausted, the latter realises that he had 
better rise and depart. 

“ Cobbett had the educated and travelled Englishman’s love of 
furniture and decorative porcelain, particularly Chinese of the later 
dynasties, but he had no particular knowledge of either and very 
sensibly only collected enough to furnish his rooms as he liked. His 
interest in pictures was mainly, I think, the result of holidays in 
Italy. Gothic architecture, particularly church architecture, interested 
him greatly and I owe my interest therein mainly to his teaching. 
His archseological and architectural leanings were just part of the 
good life as he conceived it, giving point and interest to his expeditions 
into the Cambridgeshire countryside which he so dearly loved and to 
the exploration of any district in which he was holiday-making. He 
never, so far as I know, made any claims to professional competence 
in either subject or joined any archaeological society other than the 
Cambridge Antiquarian Society, in the affairs of which he took grest 
interest. But, as one would expect, his few printed papers in this 
field were sound pieces of research, effectively set out. 

“ Cobbett was, as I have shown, a fi’iendly, lovable man, meeting 
gentle and simple, young and old, as equals. He was an agnostic, 
but in his dealings with his feUow-men, in my experience, observed 
the spirit of Clirist. Consequently he was loved by his nephews and 
nieces and well served by his dependents. In tliis latter categorj 
particularly recall his gardener and liis wife : “ George became 
his body servant in the last sad years of hi_s long life, when he wrote 
to me more than once ‘ I have lost interest in everytlung , am a "'a.i'® 

bored, with nothing to do c * Vmi- 

Cobbett was an original member of the Pathological 
for some y'^ears had been a very infrequent attender at its mee lUc' 

G. S. GKAHAM-SJirrH 
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Hrtbur fJDonc^ton Copcinan 

(Born 21st February 1862. Died 11th April 194?) 

(Plate CXII) 

r’'iTH the death of Monckton Copeman there passed one 

Lueh to maintain and enhance the high stands ® ® }iewas 

ledicine. The eldest son of the Bev. Canon A. • i gjag 

yrn at Norwich on 21st Bebmary 1862, an Cambridge- 

dward Vi’s School, Norwich, and Corpas Chmti 

here he obtained a second class in the Na ura t training’ 

382. He went to St Thomas’s Hospital or ns jggQ 

)ok the M.B. Cambridge in 1886 and procee e o 
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He -was elected F.H.O.P. in 1899. For a sUort period after qualifioatioa 
he was assistant lecturer in physiology and morbid histology at 
St Thomas’s, and in 1891 he was appointed a medical inspector of the 
Local Government Board, a i>ost which he held until 1919, when he 
became a medical officer of the JKnistry of Health. He was for many 
years lecturer in public health at Westminster Hospital and in 1916-17 
he was Colonel-in-Charge of the Hypene Department of the Royal 
Army Medical College. He retired from the service of the Ministry 
of Health in 1925. 

Copeman’s earlier scientific papers, dating from the St Thomas’s 
period, were mainly concerned with the blood and blood diseases. 
While this work is not so well knonn as his later researches, this 
period, when he was associated rvith Sherrington and others, must 
have provided a valuable training in the experimental method of 
approach to medical problems and probably had a profound influence 
on his later activities. In 1891 he described a simple method of 
determining the specific gravity of the blood by observing the behardour 
of drops of blood added to mixtures of glycerine and water of knorvn 
specific gravity. This technique was later used in an extensive 
investigation carried out in collaboration with Sherrington on 
alterations in the blood produced by injections of saline or water, 
repeated bleeding and other procedures, some of which induced shook 
in the experimental animals. 

Wlien Copeman became medical inspector to the Local Government 
Board ho commenced the work on smallpox and vaccination on which 
his soientifio reputation chiefly rests. The results of his observations 
were published in numerous papers and communicated to various 
societies between 1891 and 1904. Following on his study of the 
bacteriology of vaccine lymph in 1891, he published his important 
observations on the effect of glycerine in destroying extraneous 
bacteria in'lymph wlule leaving the specific infective agent undamaged. 
The addition of glycerine to vaccine lymph had been practised by 
others, but it would seem that the selective bactericidal action of the 
added glycerine was first clearly stated by Copeman. In his paper 
published in 1893, however, he quotes from a paper published in 1892 
by Sclavo of Rome, who had recorded somewhat similar effects. 
Further studies in this field were published jointly with Blaxall ia 
1896, showing the inhibitory effect of glycerine added to pure cultures 
of various bacteria in peptone broth and kept in the cold and at room 
temperature. They found, on the other hand, that soft paraffin 
and lanoline, which had been added by some workers to vaccine 
lymph, had no inhibitory effect on contaminating bacteria. Copeman 
was an ardent advocate of the use of glycerinated calf lymph for 
vaccination against smallpox, and the methods which he detailed in 
his Miiroy lectures in 1898 for the preparation of vaccine lymph 
have been in use in tliis country for many j-ears. Of this aspect of 
his work Dr Mervyn Gordon writes:— “The glycerination of calf 
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lymph was a great adyance, because it rendered vaccinatioa bntt 
safer and more sure. It was Copeman’s SlOroy Lectures that provid d 
the evidence on, which the Central Health Department was able to 
induce the Treasury to found and support the Government L\mpb 
Department (G.L.E.). The high and consistent standard of potency 
achieved by Blaxall and his successors in the quality of the Ijonpii 
would not have come about without' this preh’minary work of 
Copeman’s ”, 

Copeman was also greatly interested in the relationship of vaccinia 
to variola, a subject which had been a matter of controversy since 
the work of Jenner a century before. Jn bis first attempts to repeat 
the observations of others on the inoculation of calves \ntb astenal 
derived from cases of smallpox, Copeman apparently succeeded in 
one out of four experiments, and, after several transfers in the sldn 
of calves, tyqpical vesiculation resulted. These experiments were 
made at the Government Lymph Establishment in Conduit Street; 
later, he admitted (1896) the advisahihty of repeating the experiments 
at an institution where no work with vaccinia was being carried on. 
(In 1903 he recorded that four attempts, made in 1901, to variolate 
calves 'directly were unsuccessful, although good strains of lymph 
for human use were obtained by passing the same material first on 
monkeys and then to calves.) In 1893 he published his first experi- 
ments on variola and vaccinia in monkeys and a detailed account of 
these results appeared in the second volume of this Journal (1893-9-<). 
He showed that variolation of monkeys could readily be effected, 
that monkeys so treated were thereafter immune to vaccinia and tha • 
similarly vaccinated monkeys became immune to variolous ’ 
The variolous infection in monkeys was successfully transferre o 
calves and, after several passages in calves, vesicle fluid was «sa 
for the successful vaccination of many children. As a res t o 
own experiments and the recorded observations of others 
concluded that smallpox and cowpox were descended from a com 
stock which resembled vaccinia more than it resembled sina pox 

He published observations on the presence of 
in vaccine and vajiola lymph and, although he was xma e 
the organism on ordinary culture media, he claimed to 
in vaccinating children with cultures of human vano ^ 
had been incubated in eggs for a month. One can o y a 
this result may have been due to survival of virus un gopeman 
tions or to contamination of his material with vaccine - 
was unwilling to believe that the bodies descri^ 
represented the infective agent of variola or Lecbires 

work on variola and vaccinia was incorporated m a , Uslor^ 

of 1898 and published in his book, his Bcientifio 

and pathology, the following year. Thiyfork es a 
reputation and led to his election as a Eeliow ffgalth’s Depad" 
1903. Later he became a member of the Mims ry 
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mental Committee on Cancer and -wroto several papers on this subject. 
The report which he published with Greenwood in 1920, on observations 
into the incidence of cancer among certain reh'gious orders, failed to 
substantiate the notion that absence of meat from the diet greatly 
lessened the incidence of this disease. 

Copeman was enthusiastic about the value of immunisation in 
the prevention of infective disease and was a pioneer in immunisation 
against diphtheria in Great Britain. He was impressed by the 
American work on diphtheria and scarlet fever, olthough he appreciated 
that immunisation against scarlet fever was not so readily effected 
ns against diphtheria. These matters and the serum prophylaxis of 
measles were the subject of his presidential address before the 
Epidemiological Section of the Boyal Society of Medicine in 1926. 
Copeman’s scientifio interests, however, were wide and the range 
of subjects covered by his writings is shown by the titles in the 
appended bibliography. 

Sir Arthur MaoNalty tvrites of him : — “ His duties as a medical 
inspector of the Local Government Board and, subsequently, as a 
medical officer of the Ministry of Health entailed much administrative 
work for the Central Health Department both at homo and abroad. 
He acted as Government delegate on many occasions and served 
on many departmental committees. But his real interest lay in 
scientific research, and Ids alert mind, fertile in new ideas, was directed 
to numerous subjects of investigation. He took an active part in 
the work of many medical societies and organisations. He was a 
keen naturalist and biologist, and, as a member of the Zoological 
Society, did much to develop its work on scientific lines ”. He adds, 
on a more personal note, “ Monckton Copeman was tall and of 
distinguished appearance, with clear-cut features. In speech and 
gesture he was animated and spoke well and fluently. He had a good 
literarj’ style and a gift of e-vposition winch adorn his many scientific 
writings. Eor several years at the Ministry of Hcaltli wo shared a 
room together, and it was then that I learned to appreciate how kind 
and encouraging he could bo to a younger colleague. Although 
occupied ulth much responsible work, lie always found time to listen 
to other men’s problems and to advise them out of his long experience 
in official and scientific investigation. He was well read, highly 
cultured and a delightful companion. He hod a happy family life, 
and those who enjoyed Dr and Mrs Copeman’s hospitality at Regent’s 
Park or at Hampstead will remember the gracious hostess who was 
so keenly interested in her husband's many avocations ”. 

In addition to his election to the Royal Society in 1903 Copeman 
received many distinctions, for example, the Cameron prize of the 
University of Edinburgh (1899), the EothergiU gold medal of the 
Medical Society of London (1899), the Buchanan gold medal of 
the Royal Society (1902), the Jenner medal of the Royal Society 
of Medicine (1926) and the gold medal of the International Faculty of 
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_ After his official retirement in 1925 Copeman interested hkself 
in local government. He was a member of the London Conntv 
■Council and chairman of their Hospitals and Medical Service? 
Committee, and he was chairman of the Public Health Comnnttec 
of the Hampstead Borough Council. 

He married Ethel Margaret, youngest daughter of the late Sir 
William Boord, Bart., and had a son and two daughters. 

A. Mb Doras 
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3oI)!i ©liver Mentwortb Blanb 

(Born 6th. October 1899. Died 10th May 1946) 
(Pl^vte CXIII) 

Possibly Bland was not verj’^ well knotm to many members of tbe 
Pathological Society. He was still young when he died and My 
half of his research career had been .spent in Egj'pt, so that he hard y 
had an opportunity of playing a prominent part hi the life o e 
Society. But those who, like myself, had the prMege ® 
association tvith him in work and friendship renfee that by s un me 
death pathology lost not only an accomplished an en 
investigator but also a charming and cultured colleague, o 
Wentworth Bland, was bom at Eltham in Kent m im B ^ 
parents were distinguished people. His - g.gje{y 

writer and journalist, was one of the founders of ■ e a 
and acted as its secretary until his death, and is mo • , 

under the pen name of E. Kesbit, acliieved a consi er 
by^ her books for cliildren, wliich, I believe, are s ^ 

John was the younge.st of their four cliildren, u ® liis 

gap of thirteen years between him and the accounted 

upbringing was rather that of an only cliild, w ic p ]jjj5,;yledge 
fir a cLain precocity. He early developed - 

of all kinds and at the age of five ^ childhood was spent 

him books on biology and cell life. Muc he had his 

at Well Hall. Blackheath. and it was in 

early schooling. His father was of Blackheath 

and when Jolm was too old to remain m the ,.f+he neighbourhood- 

HighSchoolhewassenttoasmallprivates^ool^^^^^^^^^ the 

However, when John was only fourteen his father oi 
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instigation of his brotiier and sisters the plans for his education Tvere 
reversed and it was decided to send him to the City of London School. 
Unfortunately his early education had been so much neglected that 
ho was unable to pass tixe entrance examination at the first attempt 
and it was only after nine months’ coaching that he succeeded and 
was accepted. He did well at the City of London School, but there 
can be no doubt that the environment of his home was the dominant 
factor in his education. His parents kept open house for their many 
literary and artist friends. Bernard Shaw, H. G. Wells, Spencer 
Bryce, Oswald Barron and Brangwyn wore frequent visitors to the 
Bland home, and since John adored his home and spent as much 
time there as possible, it is hardly surprising that its intellectual 
and cultured atmosphere should have played an important part in 
moulding his character and determining his outlook. It was from one 
of these visitors to the Bland household, Brederick Rolfe, that odd 
mixture of literary genius and adventurer, the self-styled Baron 
Corvo, that John Bland acquired his strikingly peculiar handuriting. 
The young boy was dazzled by tliis strange personality and when at the 
age of sixteen he found himself dissatisfied with his own caligraphy 
ho decided to copy the striking script of his hero whoso letters he had 
kept. And so well did he succeed that it was almost impossible to 
tell which was which. Bland had decided on medicine as a career 
and had elected to go to Cambridge, but when the time came for this 
move the first World War had supervened and instead of going to the 
university ho was called-up for military service. In some ways Bland 
probably profited by this change. Ho was not retained very long in 
the army, for when his training in the Koyal Engineers had just 
reached completion the war ended and he was demobilised. No doubt 
the e.xperieneo of army life gave Bland that added maturit)' which 
enabled him better to profit by his university career than if he had 
gone there straight from school. Wlien, however, he was finally free 
to go to Cambridge it was found that the family finances were 
insufficient to support this project, and it might have had to be 
abandoned had it not been for the generosity of Bernard Shaw who 
undertook to provide the money. So Bland went to Cambridge, 
and from there to St George’s Hospital for liis olinical training. 
There is no outstanding success to record in his undergraduate career ; 
in fact, although ho worked satisfaotorilj', there was little indication 
of those potential qualities which his later research career was to 
reveal. Ho qualified by taking the L.M.S.S.A. in 1024 and having 
hold the usual house appointments ho returned to Cambridge for 
post-graduate study, dividing his time between the Department of 
Pathology and the Strangeways Laboratory. Tbo training he then 
obtained in the technique of tissue culhxre was to prove of particular 
value in his subsequent researches. In 1927 ho was awarded a Freedom 
Fellowship and ho joined mo at the London Hospital in the investigation 
of viruses which I had started there a year earlier. At first Bland 



718 


JOHN OLIVER WENTWORTH BLAND 


was fully occupied in acquiring the teclmique of this new snhipof 
but I soon realised that I had found in him a coUeague of vet, S 
qualities He had a well-trained mind and his fashress of reS 
and enthusiasm were e^xhilarating and contagious. Soon he was 
doing original work of real value. He made a study of vaecinia virus 
which had as its main objective the quantitative estimation of this 
virus in morbid material and the ascertainment of its particle size 
This was an exteasion of the work which I had been doing mth the 
vu-us of herpes and, as in the case of this virus, he was able to show 
that vaccinia virus was^ much larger than Levaditi and his colleagues 
had claimed and ' that it was probably witlihi the range of visibility 
with the microscope. It must be remembered that this was nearly 
tw^enty years ago, wiien the size and visibility of these viruses was 
a matter of considerable dispute. This work formed the subject of 
the thesis wiiich he submitted when taking the M.B. Cambridge in 
1929. In the first three years of Bland’s tenure of his Freedom 
Fellowship he also collaborated with me on v'arious virus problems 
such as the supposed relationship between the viruses of herpes and 
vaccinia claimed by Gildemeister, a claim vve were unable to confirm, 
and the possibilitj' of demonstrating complement fixation with 
viruses and their antisera which, as we showed, had been wrongly 
held to be impos.sible. In 1930 he turned liis attention to the 
investigation of an outbreak in adults of what was thought to be 
glandular fever and obtained evidence which suggested that the 
causal agent w'as probably a toxoplasni. As in all investigations of 
diseases due to toxoplasras, which rely on transmission to animals 
for the demonstration of the parasite, Bland’s work was vitiated by 
the presence of toxoplasms in some of his normal animals, and doubt 
concerning the true interpretation of his findings, which he recognise 
and freely admitted, still remauis. The discovery of psittacosis ’mus 
and the demonstration that this virus was a large one which ecu & 
stained and seen more readily than viruses previously" studied, pP®® 
up a new field of virus research in the exploration of wliich I ® 
Bland’s co-operation; and again he proved to be 
colleague. In the stvidy" of the developmental cycle of this J 

formed the subject of a series of joint communications, 
able to follow the growth of the virus in tissue culture 
confirm previous observations, which had depended on 
tion of preparations made from animals at different stages o 
"With the exception of a study of human gliomata in 
wiiich he made with Dorothy S. Russell, work It 

occupied the remainder of Bland’s stay at the Lon on ° gjjj, of 
culminated in the making of a cinema film of the eve ^ jjjoenuit}’ 
psittacosis virus, a joint piece of work in wiiich the jf p. 

of R. G. Canti played all important part. Bland obtained 
Cambridge in 1935, with a thesis embodying liis in the 

In 1937 Bland left the London to take up aa app 
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Department of Patliology at St Bartholomew’s Hospital. This post 
was not held for long and his work during its tenure was seriously 
interfered with by illness. He had time, however, in conjunction with 
C. S'. Robinow, to study the growth of vaccinia virus in tissue culture, 
whioli gave some indication of a developmental cycle. Shortly before 
the outbreak of the recent war Bland accepted an invitation to fill 
the research post at the Giza Ophtliahnie Memorial Hospital, Cairo, 
rendered vacant by the retirement of P. H. Stewart. Here the 
principal subject of study was trachoma, and it was hoped that 
Bland’s experience with the related virus of psittacosis ivould help 
him in his approach to this difficult problem. Like others who have 
investigated trachoma he encountered difficulties, some of which 
were insuperable. He was able to infect monkeys and to transmit 
the infection to human volunteers, but both the baboon and the 
grivet moidioy, though susceptible, proved unsuitable for work with 
this virus because of a tendency to spontaneous folliculitis of the 
conjunctiva. Also ho was unable to induce trachoma virus to multiply 
in tissue culture. Faced with this impasse Bland, no doubt, was 
glad of the opportunity of alternative work which the war brought 
him. Whether this was so or not, the fact is that his war duties left 
him little time for research. He was given an administrative post in 
the A.E.P. service in Cairo and his help in the elucidation of problems 
presented by virus diseases in our troops in the Near East was 
frequently sought. Bland did all this with his usual enthusiasm and 
thoroughness. In 1944 a return of the old trouble, pulmonary 
tuberculosis, wliich had been responsible for his illness wliile he was 
at St Bartholomew’s, obliged him to relinquish all work and imdergo 
, hospital treatment in Palestine. Returning to this country about the 
end of 1944, his treatment was continued for a few months at the 
Osier Sanatorium, Oxford, and subsequently at home in his cottage 
in Ashdown Forest. By the middle of 1945 he seemed sufiiciently 
recovered to start again ; he looked well and, apart from shortness 
of breath, seemed to bo in good health. Since be was advised to 
avoid the atmosphere of cities and to live and work in the country, 
he joined the staff of the Pathological Department of the Eoyal West 
Sussex Hospital at Chichester with the object of making himself fully 
proficient in clinical pathology and eventually taking a permanent 
post as a clinical pathologist. It was felt that it would he difficult 
for him to find researcii work in a suitable environment and he was not 
in the least dismayed at the prospect of earning his living by routine 
diagnostic pathology. Hardly had ho started work at Chichester, 
however, than his health deteriorated and he w'as obliged to retire 
once more to his country homo. Here, nncomplaining and always 
ciieerful, ho rested and W'atched with delight the coming of spring 
in that beautiful part of Sussex, and he wrote hopefully to mo about 
returning to work. Early in May, however, he was taken acutely ill 
and he died in St Bartholomew’s Hospital on 10th May 1940. By 
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Bland’s illness and death, pathology, and in particular virus rc^eaict 
has lost a valuable man. His worlc tliroughout vas characterised W 
meticulous care, considerable teclmical skill and ingenuity, great 
enthusiasm and fundamental honesty ; I have rarely met arwh 
worirer who kept such careful records of his experiments. ^ one 
defect "vvas that, when left on liis o^vn, liis research activity tended to 
flag. It was not that he was lacking in ideas or originality, bat more 
than most people he required the stimulus provided by working in 
close association with others to maintain iris enthusiasm and activity. 
In addition to being a talented research worker Bland was a delightful 
companion ; his fresh and vivid mind, his interest in the arts and his 
Jove of the countryside all combined to make him so. It is sad to 
reflect that this cultured unassuming person is no longer with us. 

Bland mairicd lilrs hlaud Sakman in 1935. 

S. P. Bedsos 
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Stuart riDcDonalb, 3r. 

(Born Sth June 1905. Died 24tli October 1946) 

(Plate CXIV) 

Stuaet McDonald, Jr., the only son of Professor Stuart McDonald, 
formerly Professor of Pathology in the University of Durham College 
of Medicine, was educated at Pettes College, Edinburgh. Prom there 
he went to Cambridge (Gonville and Caius College), where he graduated 
33. A. in 192G, and completed the preclinical part of the medical 
course. Jle pursued his clinical studies at the Eojml Infirmary, 
Edinburgh, and Royal Victoria Infirmary, Newcastle-upon-Tyne. 
In April 1930 he obtained the diplomas of L.R.C.P. bond, and 
M.R.C.S. Eng., and for six months acted as locnm-ienens biochemist 
to the Royal Victoria Infiimiarj', Newcastle. In September of that 
year he was appointed demonstrator in pathology in the University 
of Durham College -of Medicine, and assistant pathologist to the 
Royal Victoria Infirmary, and in December he graduated M.A. and 
M.B., B.Ciiir. Cantab. For the degree of M.B. he submitted an Act 
(thesis) entitled “ The Schilling index in acute infections He held 
the Newcastle appointments till April 1934, when he was elec e 
senior lecturer in patliology' in the University of Birmingham, an 
assistant prathologist to the General Hospital. In July 193 e 
appointed histologist to the Birmingham branch of the Bn is mp 
Cancer Campaign. During his tenure of these 
actively engaged in teaching, research and routine ^ , 

As a teacher he was outstanding, possessing m an unusua „ ^ 
the ability to stimulate the enthusiasm of his students. 
personal interest in them, was sympathetic 
and unsparing in his efforts to help them. He pu j,, 

papers on a variety of subjects and made many com ^ 
scientific societies. In all of these he shower Jjnowledge 

of graphic and lucid e.xposition and possesse l„tpresfs la}' 1” 

of the Hterature of his subject. Perhaps 
the direction of morbid anatomy and hcemato ogy, 
much work on other subjects, specially m the le . j„volved 

His association ivith the British . yrs in connection 

observations on the classification and grading o gxperi- 

with a “follow-up” scheme and with hydro- 

mental production of mouse sarcomata by ghorio-allantois, an 

carbons and the growiih of e.xplants m le jjgj.|g dust on the 

experimental investigation of the effects o P quantitative 

mouse lung, and studies of the histolog}' of 

excretion of gonadotropic urinary hormones^^^^^ jI.D. Cantab., 

testicular tumours. In March 1938 racene-mduced mous 

with a thesis entitled “A study of dibenzanthracen 
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sarcomata, with special reference to the factors influencing the 
development of engrafted tumours ”, and in December he received the 
degree of Ph.D. Birm., on submission of ins contributions to patho- 
logical literature. 

McDonald was a man of fine character and unusually attractive 
personality witii whom, for many years, ns colleague and friend, the 
writer was privileged to work in close association. He was a skilled 
and accurate observer, his judgment in the interpretation of difficult 
cases was at airtimes sound, and his hospital pathological work was 
much appreciated by lus clinical colleagues. He made friends readily 
and was liked and respected b3' all who knew him, while his wide 
knowledge of men and things made him a desirable asset in any 
companj^. He did not, to any great extent, take an active part in 
games hut he was interested in sport of all kinds, more especially 
angling and shooting, in which he achieved considerable success, and 
some of his happiest and certainly most entertaining reminiscenoos 
were of angling holidays spent with his father in various countries. 

Always interested in military' training, McDonald took a com- 
mission in the K.A.M.C. (T.A.) in 1932, and was for a time in command 
of the Durham .University S.T.C. In 1936 he was given the mohilisa- 
tion appointment of deputy assistant director of pathology, Shomcliffe 
Area, but on the formation of the 14th British General Hospital 
(T,A.) in Birmingham in 1939 he was transferred to this unit as its 
specialist in pathology, with the rank of major. The hospital was 
mobilised in August 1939, and with it McDonald served as a pathologist 
In Ungland, Trance and India till August 1943, when the excellence 
of his work led to hia appointment as principal histo-pathologist to 
the newly-formed Central Laboratory for the India Command at 
Poona. A year later lie was transferred to the General Headquarters 
of the India Command at Delhi, ns assistant director of pathology 
(research), with the rank of lieutenant-colonel. During his period of 
service in England and France ho was engaged on investigations on 
the optimum fluid intake for patients on sulphonamide therapy and 
on sulphapyridine anuria. Whilst in India, in addition to an immense 
amount of routine work, he was responsible, in his oapaoity as A.D.P. 
(Kesearoh), for the initiation and administration of research in clinical 
pathology. This involved many long journeys, mostly by air, and be 
supervised the activities of no less than eight research teams which 
made important investigatioms on many matters intimately concerned 
with the liealth of the Forces in tropical countries, including scrub 
tj-phus, anaimia, ammbio dysentery' and other protozoal tliseases, 
epidemic jaundice, penicillin therapy, mepaorinc tlierapy, arsphenaraine 
nephritis and leprosy'. Notu'ithstanding these manifold activities ho 
found time to produce two army manuals dealing with post-mortem 
methods and htstological methods. Colonel H. F. Humphreys, who, 
as O.G. 14th General Hospital, was closely associated with him during 
ills period of service, has told the writer that McDonald was mess 
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Jr. 

feet, ^«S time ivith fi, 

favourite, and did mlllshT^ ®°^ivities made's^ 

accommodation. conditions of climate 

. At the end of 1.944 ho ref , 

i^ssi§pss 

Jo. appointed professo^ If of St Andreevs, 

of St j^idrews and patholomst and J ?^P^^^ology in the Unimafr 
^o.>^i Infirmary in Marcli [945, pathologist to the Dundee 

new colleagues and student JZf 
ordered a prolonged period oftest jfj f 
niuch improved and tliere wa<; kJ condition seemed to be 

^lut lie died .suddenly and nnevmer'to^d?^^^'^^ 
untimely death at the carJv ^ 

njany friends, both in tf.n Zl ^ f! shock to his 

0 ( ona of ti,o t o ; ” *->■■•” “*• “■< » 

a iridow and two daudifit?^ f He leaves 

o«r sinccre.st s^mipathy ^ 

George Haswell Wilsoh 
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J. A. W. Bingham and Stdabt McDonald, Jr. 
cyst of tlio Gxtomnl semilunar cartilage 
.320-327. 


A filarial nodule simuhiing a 
Brit. J. Surg., ]91i.45, xxxii, 
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)£ric Nibble 

(Born 7th June 1891: Died 21st August 1945) 

Ebio Biddli:, jiathologist and transfusion officer to tiie East Suffolk 
nnd Ipstvich Hospital, died on 21st August 1945 as the result of a 
motor accident on the prenous evening. He took the Conjoint 
qualification in 1915 and won the M.C. and bar while sending with the 
K.A.M.C. Returning to Guy’s, he took the M.jB., B.S. London in 
1922 and hold appointments as house surgeon, out-patient clinical 
assistant and senior assistant bacteriologist. From the post of 
pathologist to the Devonshire Hospital, Buxton, he came in 192T 
to the En-st Suffolk and Ipswicli Hospital to become direoter of the 
neu’ jiatliological laboratory from its opening in 1928. 

Appreciations of Biddle’s personal charm and success, coming from 
his clinical colleagues in Ipswich, were published in the Briikh Medical 
Journal of Sth and 1 otli September and the Lancet of 15th September 
1945. To the witer, who.se acquaintance with Biddle dates from 
1939, lie gave ever-deepening friendship. 

During the years 1939-45 Biddle was ruiming lus department wO 
largely on a temporary and Amlunteer staff. He had earlier s a e 
a blood transfusion service, wliich he built up, organised an ran, 
dealing with 100-170 donors on alternate Sunday afternoons, un 
mornings Avere largety devoted to his work as M.O. to the ' “ 
Home Guard Battalion. Medical-legal work made a ^ 
his time, and his skill and experience were highly value y 
and central authorities concerned. On the evening prior o . 
accident he had been discussing Avitb the Avriter jy^seif 

together his forensic experience in book form. Bi ® 'f . , 
in close touch Avith senior colleagues in London an pritish 

in particular, was a regular attender at the ^^sion in 

Medical Association (he Avas chairman of the He 

1939-40) and of the Association of the Clinical l- „ 

also treasurer of the IpsAvdeh and District Chmea ..{.Qamnde 

Outside his full professional life, he found time o ^^jy-ging staff 

club which he had founded for the hospital s cim^ John’s 

The club to now named after him. The YM.C.A. and 
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Ambuianco Brigade could also count on his help. Photography 
appealed to liim and his skill was always at the disposal of his medical 
colleagues. He was an active member and one-time president of the 
Ipswich Photographic Society. 

Biddle gave his friendship readily and his help unstintingly. He 
was never easily perturbed and had a fund of anecdote and humour. 
One could but wonder that ho was able to accomplish so much. The 
success with wliich ho helped so many, in ways so various, was clearly 
and well shown by the innumerable friends he had in Ipswich and 
for many miles around. 

P. H. Maiwto 


IDlabUiiir (Blase 

1906-1946 

VtADiMiE Glass was of Russian parentage and was born in Southern 
Russia in 1906. His father’s business involved n good deal of travel, 
but Vladimir always regarded Bakum as his homo to'vn, and Ids 
childhood's memories, wldoh wore very happy, wore centred round 
his home there. The revolution broke up his home and scattered the 
family, and Vladimir became a wanderer. On one occasion, travelling 
down the Volga, the boat had to run the gauntlet of srupers of various 
marauding bands ; on another, he spent several days journeying tightly 
packed in n cattle truck and contracted typhus, and for over a year he 
suffered from severe muscular exhaustion. Eventually ho escaped to 
this country and, because of his difficulty with the language, was sent 
to a school in Suffolk for “ backward ” children. Hero his brilliant 
powers enabled him rapidly to overcome this initial handicap, and he 
entered University College, london, and subsequently the Medical 
School, where ho had a most successful career. In his undergraduate 
days he showed considerable skill ns a draughtsman and did much 
modelling in clay, so that several of his friends at the Slade School 
thought that he was missing his vocation in studying medicine. He 
qualified in 1031, and was house surgeon at U.C.H. and house physician 
at the Hospital for Nervous Diseases in Maida Vale. Ho took the 
M.B., B.S. London in 1933. After working at the School of Hygiene 
he obtained the diploma in bacteriology and, working with a grant 
from the Medical Research Council, ho collaborated with "Wooldridge 
and Knox in a paper on the variability in the activity of bacterial 
enxyraes. He then went to Liverpool as assistant bacteriologist in 
the City Laboratories under Hedley Wright, for whom ho had a 
respect amounting to veneration, and a deep and warm affection- 
Under Wright’s guidance Gloss had full scope for iris passion for 
investigation, and numerous papers, both in collaboration with others 
and from his own pen, testify to the breadth of his outlook and his 
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keen critical sense. In 1938, on Wright’s advice, he took a post as 
assistant pathologist in the London County Council patholoncal 
service in order to •vvdden his experience. Here he applied himself 
mth enthusiasm to the practical work of clinical pathologj' and 
proved liimself of the greatest help to his clinical colleagues in all 
matters of ward infection. He also became a skilled hsematologist, 
and was continuously engaged in investigating problems with regard 
to the chemistry of bacterial action. Glass had a fine brain, a keen 
critical sense, and a wide knowledge of his subject, and was a most 
loyal colleague. His early and tragic death is a great loss to pathology. 

6. W. Goobhakt 



BOOKS RECEIVED 


Patbology ol tumours 

By R A WiLUs 1948 London Butterworth Co Pp xxm, S92 
and 62 , 600 text figs CSs 

Hero la the book which many of m “ m the know ” havo been awaitmg 
with high hopes and pleoaurablo anticipation “ TIio spread of tumours 
m the human body ’ , published 14 years ogo, ga% a us Some idea of Professor 
Bupert WAbs’s capab^bl'its as TWOsb\d and ‘Now wa 

httvo before us thia much more ambitious work, a handsome volume of over 
1000 pages, copiously illustrated, the garnered fruits of an intense o study 
of neoplasms and their literature over a period of some 20 years, during 
most of which the author held the appointment of pathologist to the 
Alfred Hospital, Melbourne The book has been completed during his two 
years" tenure of the Sir WiiUnm H Collins chair of human and comparativ e 
palholo^ in the Royal College of Surgeons of England 

Tile work aims at giving “ a useful general outline of each topic "" but is 
also intended aa a personal record of the author's own observations and 
conclusions To this end many brief reports of personally studied coses, 
illustrative of the subjects imder discussion nro incorporated m tho text, 
giving added point to the many figures derived from these sources All 
the figure© are from pcasonally studied material and most of them ate 
new , nearly all are photomicrographs Wisoly, tlio author has elected to 
illustrate, in the main, the less familiar oppearonces, and in particular 
the range of structure possible m the less common varieties of tumours 
Well known appearances of common tumours, such as are to be found 
m nearly every textbook of pathologj, have often boon omitted Tho 
result IS a book which makes its oppeal chioflj to the professional pathologist 
and cancer research worker, by whom, xndood, it will be found invaluable 
That it will bo read with pleasure and profit by many other classes of 
reader there can be no doubt 

The first 12 chapters <207 pages) are devoted to the general pathology 
of neoplMia and include chapters on classification end nomenclature, 
innocence and malignancy, experimental carcinogenesis, the statistical 
study of tumours, mode of origin, stnicturo end growth, and motostaais 
The rest of the text (some 800 pages) deals systematically with the tumours 
of the venous organs and tissues of the body. 

There are many features of this work which deserve special mention, 
among them the copious and well chosen bibhographiea at tho end of each 
chapter The most important and useful references give tho full title of 
tho article and m addition have the author’s name pnntetl in clarendon 
capitals Jfore often than not a brief appraisal ts added A useful addition 
would ha\ 0 been a list of some of the best monographs on tho whole subject 
of tumours, o\ en where these already appear in the sectional bibliographies 
The very full and well arranged index* running to 62 pages, la another 
most commendable feature, particularly in a comprehensive work of 
this kind 

Professor WiUis always states quite clearly where ho stands in 
(admittedlj) controversial matters, preferring “to avoid noncommittal 
vagueness ’’ and to state plainly his own present opinions, “ even though 
3 rirn bact — toim ux 720 2 A 2 
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these may have to bo modified in the light of future experience ”, He is 
for example, an out-and-out supporter of the squamous epithelial origin 
of simple pigmented moles and malignant melanomas, while failing 
to carry conviction to at least one reader of the correctness of his 
views ! We would only add that, after extensive sampling, we have 
come inevitably to the conclusion that this is a great work— sound, reliahle, 
critical and compendious : it should be the prized possession of every 
pathologist who has to do with tumours. We congratulate Professor Willis 
on a notable achievement. 


The parathyroid glands and skeleton in renal disease 

By J. B. Giuiioim. 1947.' London: Geoffrey Cumberlege, Oxford 
University Press. Pp. xiii and 157 ; 26 text figs. 18s. 

This small monograph is a major contribution to the pathology of the 
parathjToids and a further step in the elucidation of the complex mechanL^ 
Lntrolling calcium and phosphorus metabolism. Pack^ with the 
densed records of a great .amount of work, it needs to be read care 
aS in Smiction trith the author’s two previous papers on the we# 
“d S telolosy of no^d pomth,™d, (Gto 
tU, Jo„r«al. J937, xllv, 431 ; Gitooor, ^ 

Enlarccmcnt of tho parathjToids m association with renal 

often been recorded but no of the 

records tho results of a quantitative The weight of 

parathyroid tissue in 90 autopsies S , gQjjjjgctive tissue 

tho total parathyroid 

and fat in tho gland, is recorded m each case an 

figures obtained in tho previous study of the casK of 

bones was examined in 33 of the cases. /Jg^^^g^owed changes in the 
primary subacute or chronic ^ ^ j,igh renal damage ww 

parathjToids and a less proportion of ci^es j^ggtion end 

Londary; in the l^^tor group long^^ 

obstruction were tho most frequent P j. „athjToid is described, 

Tlio histologj' of several 1 W 

Any type of renal disease m which there is P ^ ^ tte 

differing from the_ neo^asia “ jjy one gland. ^®“‘ljeitis 

osteitis fibrosa, which affects v-anv changes in the the 

thyroids become sufficiently gbrosa being P‘'°P° 4 ° jtjs fibrosa 

fibrosa appear, tho amoimt nHults this is o- , penal 

degree of parathyroid j-enal rickets ” f '"^^itis 

^iSiout osteomalacia , o^toitis fibrosa, the osteitis 

rickets is a combination of ricke activity. meohanis® 

being the result of increased parathyr ^ ^^^^^^ ^ compensat^ ® is 
The changes in the ^yf the blood calciur“> ^ an 

brought tou. uotion by tl» OBhuT# 

dependent on the mcrease m blooa p 
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invereo relationship between the blood calcium and blood phosphorus, 
eo that a high phosphorus is accompanied by a low calcium. Increased 
parathyroid activity accelerates osteoclasis and turns more calcium into 
the blood, thus tending to raise the blood calcium to normal or over in 
spite of a persistently high blood phosphorus. In cases of renal rickets 
the hyperactivity of the parathjnroida, while promoting osteitis fibrosa, tends 
to heal the rickets, Tliia is shown the fact that in the seven cases 
here studied the amount of healing of the rickets was proportional to tlio 
degree of hypertrophy of the parathyroids. With extreme hypertrophy 
metastatic calcification, with or without calcinosis, is liable to develop. 

Th® epidemiological Bigsificance of grouping and typing the hsatnolytlc 
Btreptococcl 

By lonoEN Eunst. 1942. Copenhagen ; Einar Munksgoard : London ; 
Geoffrey Cumberlege, Oxford University Press, Pp, 379 ; 4 tost figs, 26s. 

Tl\e first half of this monograph deals with the classification of hamolytio 
streptococci. It opens with a review of the literature from the classification 
of streptococci proposed by SchottmuUor in 1903 and traces the develop' 
ment of the various laboratory methods used for the differentiation of 
hfljmolytic stroptococci—hajmolysin production in fluid media (a curious 
omission is that of any reference to McLeod’s work on this subject), 
fermentation of sugars and other biochemical methods, Lancefield’a work 
on the antigenic analysis of htcmolytic streptococci and the precipitin method 
of grouping streptococci, and Griffith’s type differentiation of group'A 
streptococci by the elidc'agglutinatlon technique, Reference is hlso made 
in a series of tables to biochemical and biological methods of classification 
used to differentiate strains in the other Lancefield groups from human 
and animal sources. 

The wriler’a own studies on the methods used for the taking and ttans* 
mission of swabs and cultures, the preparation of modia, the grouping of 
hsemolytic streptococci and the typing of group-A strains ore given in con- 
siderable detaib One observation which conflicts with the findings of roost 
workers is the occurrence of a larger number of overlapping reactions in 
the group-precipitin test when the Fuller formamide method of extraction 
is used in comparison with the Lancefield acid-extraction method, but no 
explanation is offered. 

Slention is made of two now provision^ groups, L and M, described by 
Friedberg, and the author odds to these a new provisional group N, 
comprising 8 strains of hfcmolytio streptococci isolated from milk. As 
groups L and M have already been described by Fry and Hare in 1939 and 
group N has been described by Shattock and Mattick in 1943, confusion is 
likely to arise and force is added to the necessity for co-ordination of 
streptococcal classification by the Streptococcal Committee of the Inter- 
national Society for Microbiology. 

Of 1468 group-A strains examined 1170 were typed, and a surprisingly 
large number of strains belonging to groups B, C, G and “ N ” were also 
typed by the Griffith sera, other than types 7. 20 and 21 (group C) and 10 
(group G). Fermentation types and sub-typos of group-A organisms aro 
deacrib^ in relation to the agglutination types, and strains from a milk 
epidemic which could not be identified by the available agglutinating sera 
were identified by fermentation typing. Tlio identity of the strains was 
later confirmed by cross-absorption teats with sera prepared from several 
strains. 

The second half of the monograph deals with epidemiological studies 
of group.A infections. Studies were made of the distribution of serological 
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types causing scarlet fever, the froauencv nf i 

throats of scarlet fever pa«onts Td «‘-Ptocc«ci in fte 

Its relation to complications. Two milk bomfi « ^ “ifection and 

streptococci are described and an ^aomt7^ T 

scarlet fever in children’s homes and of an outbreaks of 

due to type 11 involving 37 cMdfea who 

diphtheria. In general the results nf fi ^ ^ “nmunised against 
todtog. of other trorte in this couohy »„d ioTu 8*1“ "" 

ohIX'It\r.ff;f,l"dSro^ ““ - * ‘« 

:rrroro-''“r“-r“ 

2 ^ 0 V of “ ono volume an admirabfe 


Calcific disoaso o£ the aortic valve 

By How^d T. ICahsxer and Sdion Koletsky. 1947. Philadelphia, 
i^ondon, Montreal ; J. B. Lippincott Company. Pp. viii and 111 ; 24 fin, 
on 12 plates. $5. ^ i > o 

This is a report of an investigation into the nature of nodular calcifyii§ 
sclerosis of the aortic valve. It is based on the authors’ own study of 
200 cases coming to post-mortem and it include a historical renew, a 
short chapter on clinical features and a list of about 85 references. At 
the beginning of the book is written “ The evidence collected points 
strongly to tlio view that calcific disease of the aortic valve originates in 
inflammation and that the inflammation is usually, if not always, a 
manifestation of rheumatic fever ”. Separating off their first group of 
91 hearts showing gross evidence of rheumatic affection of the mitral valve 
and other areas apart from the aortic valve, the authors proceed to the 
demonstration of “ microscopic stigmas ” of rheumatism in 80 of the 
remainder. After whittling away at the 29 hearts left over, they agree to 
call them all rheumatic except four, only one of which stubbornly refused 
to yield any evidence at all of on inflammatory basis, another bemg 
regarded as " probably wholly negative ”. Their analysis so impresses 
the authors that at the end of the book they write “ Wien 196 of 200 
hearts that wore the seat of calcific disease of the aortic valve are shown to 
be of rheumatic origin, it might safely he assumed that oU are in the sane 
category ”, Tlio reviewer is not quite so deeply impressed. He would be 
inclined to dispute the admission of some of the evidence for rheuma ic 
mtiology based on microscopic appearances alone. But whether one 
with the conclusions or not, a painstaking study of an important con ion 
like this is an achievement and the book will take its place in the hfera urc 
of cardiac pathology. The reviewer is prepared to accept that the ise^^ 
is a sequel of rheumatic infection in a substantial proportion 
that it is not due to a primary atherosclerosis, but bacterial en 
as an antecedent is hardly considered in this book and it is 
that recent experience of healing verrucose endocarditis under t e 
of penicillin may ro-awaken interest in this possibility. ^ 

Although a digression from the main thesis, it is inters mg 
that whUe 190 patients were in ho^ital long enough to 
diagnosis, aortic stenosis was diagnosed in only 48 ,w in the 

is well produced but it is unfortunate that the plates all he oge 
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centre and are not referred to in the text. It ia not an easy book to readi 
but it does contain an amount of information -which future students of this 
disease may not ignore. 


Bovine tuberculosis : including a contrast with human tuberculosis 

By JoHK Francis, 1947. London, New York and Toronto : Stapl«» Press 
Ltd. Pp, 220 } 30 figa, (6 in colour) on 17 plates and 6 text figs, 253, 

This book began aa a review of bovine tuberculosis, but tli© scope -was 
broadened to include a comparison with the diseaso in man. The double 
task has been well accomplished. Tho pathology of tuberculosis is fully 
described and admirably Ulustmted, and 400 references to tho literature 
are given, not aa a mere compilation, but as a soiuce of facta and opinions 
which are critically examined to show tho reasons for the author’s judgment 
on the questions at issue. 

Francis eatimates that in Great Britain about 17-18 per cent, of cattle 
and 30-35 per cent, of dairy cows arc tuberculous ; about 1 million cattle, 
representing 12 per cent, of the cattle population, are in tubercle-free 
herds. Estimates of tho economic loss from this disease range from one 
to three million pounds per annum. Tlio higher incidence of tuberculosis 
in dairy cows than in other cattle is attributed to their exposure to dust 
and droplet infection in tho cowshed and to their higher average age, and 
not to the strain of milk production. In cattle, infection is nearly always 
aerogenio and, although extension of the diseaso may be alow, lung lesions 
seldom heal ; therefore nearly all tuberculin-positive cattle are infective 
for others. 

Tl\e tuberculin test ia discussed at length and reasons are given for 
adopting the single intradermal test. Although immunity con bo produced 
in cattle by vaccination with B.C.G. or the vole acid-fast bacillus, eradication 
of the disease will depend on applying the tuberculin test and disposing 
of reactors. When tho number of tuberculous cattle in a region is 
thus siifficiently reduced, “ area eradication ” can bo accomplished by 
slaughtering tho remaining reactors. If this process wore gradually spread 
over the whole country, bovine tuberculosis could be practically eradicated 
from Great Britain as it has been from Finland, Guernsey, Norway and 
the United States of America. If progress in tho creation of attested 
herds continues at tho same rate as in 1938-39, tlio disease -will have 
practically disappeared in 30 or 40 years, ^feontirae tho 1000-2000 annual 
deaths from bovine tuberculosis in man can best be reduced by efficient 
pasteurisation of milk. 


Studies on the formation of cellular suhstances during blood cell 
production 

By Bo Thoreix. 1947. London ; Henry Kimpton. Pp. 120 j 14 figs, on 
7 plates and 45 text-figs, 123. 

Tlie application of new techniques to old problems is always exciting 
and often rewarding. Bo Thorell describes in this monograph tho results 
obtained by investigating tho development of haemopoietio tissue with a 
combination of tho method of roicrospectrographic analysis used by 
Cftspereson and his colleagues and tho apecial staining methods of Foulgen 
and Rossenbeck. TIio methods used for microspoctrography are described 
in considerable detail. One is a photographic method combined with 
photometiy, for use in tho ultra-violet range, which is of particular value 
j. pATu, Bicr.--vot- ux 2 A 3 
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for estimating the concentration of certain nucleic acids dneassed ku, 
tiio other IS a photo-electrical method for working in the visM^li f I 
range used for estimating hromoglobin. The author t 

to detormmo amounts of the order of magnitude of 10-» ug. rrithin; Z 
bone-marrow coll in the living state. ® 

“ Growth ’’ ho states, can be defined “as the new formation of the 
fundamental substances of the coll. As the latter consists mainly of protein 
substances the formation of protein can be regarded in general during cell 
growth as the quantitatively dominating process The whole study is 
therefore based on analyses of the development and loss of certain sub- 
stances closely associated with protein synthesis within the cell, namely 
ribose nucleic acid and ribodesoso nucleic acid. In the first part of the 
monograph Tlioroll shows that in blood cells, as in other growing cells, 
the now formation of cellular proteins during hmmatopoiesis takes place 
at an early stage of development in the presence of high concentrations 
{>5 per cent.) of ribose polymuclcotides in the cytoplasm and nucleolar 
apparatus. During blood-coil maturation the ribose polynucleotide- 
containing nucleolar mass and the concentration of polynucleotides decrease 
continuously, parallel with a declining activity of the cell. This decreasing 
growth activity of tho individual blood coll during maturation is r^ilated 
by a definite part of tho cliromatin, which can be defined as the nuoieoius- 
associated chromatin. TJio nucleolus therefore exerts a great infiuence 
upon tho process of maturation. 

In tho second part Tliorell describes observations which suggest to him 
that tho ondocellular synthesis of hmmoglobin does not start before the 
riboso poij'nuclootido metabolism (associated with the basic cellular protein 
substance) is finished and it then rises rapidly. Translated into morpho- 
logical terms this means that ho finds no significant quantities of hsemoglobin 
in colls older than tho polychromatic erythroblast in normal marrow. 
In tho marrow colls of pernicious anaemia, however, hmmoglobin is found 
in tho presence of cytoplasmic riboso polynucleotides. In the marrow 
associated with haemorrhagic anaemias the cells show a normal cime or 
nucleic acid but a deficiency in tho development of hmmoglobin. 
describes disturbances of riboso nucleic acid metabolism in the charno ens ic 

colls from different typos of leukaemia. en 

This monograph, though obviously of the greatest possi e m er 
haematologists, should bo road by all workers interested in e rring 
It gives cytologists a new tool ; for instance, the process ° ^ 

tion associated with loss of riboso polynucleotide m cel s e e i r 
reversible. In tho case of the normal dentine cell of ® ^ growing 
lack of vitamin C causes a retrogression to an Clans 

cell. Tims from the inert chromocentre of the mature developed, 

now ribose polynucleotide containing nucleolar su s an 
after which ribose polynucleotides appear in the cytop by 

in tho dentine coll there is reason to believe from o ler anjdhing 

Tliorell can happen in other colls. In other wor s, ap ^ ^ j, 
else, this new method may enable us ^°.®”®^^®*,M -adiatioas exert 
maturing agents like folic acid or destructive agcn s rather 

their effects. Tliorell and his colleagues are haiuatology 

than haimatologists and clearly their results particular field- 

will require to bo checked and developed „ „aP be made, but 

Criticism of certain points in their technical proc ™.aphs and phal'’’ 
this monograph, which is well illustrated wit i a stimulatiafi 

micrographs, can certainly be recommende as , using neir 

record of e-xqierimental work in an already we ujpiogical problems- 
methods which should be capable of wide application to 
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Appt'oaches to tumor chemotherapy 

Edited by Forest R\y Mottwcon 1^47 Waslimgston, BC The 
American Association for the Advancement of Science Pp x and 442 , 
193 text figs 57 76 

Research Conferences have been held m successive jeors (1944 1947) 
at Gibson Island, Maryland, under the auspices of the American Association 
for the Advancement of Science The volume imder review contains the 
papers and discussions of the 1945 and 1040 Conferences relatmg to tumour 
chemotherapy, together with certain invited papers designed to complete 
the account of our present knowledge m this field 

Following a historical introduction, the papers have been grouped so as 
to proceed from animal to human experimentation, m so far as the distmction 
is possible The papers as a whole describe and summarise almost all of 
present day methods m tumour chemotherapy 

In the pithy historical introduction, relating to selected papers published 
smee the opening of this century, Woglom touches briefly upon tlie mam 
classes of treatments whtcli ha\o been advanced, eg administration of 
tumours or their extracts or autolysates, organotherapy, enzymes, metals, 
alterations m oxygen supply, fever treatment, cryotherapy, hormones 
and other chemical substances “ If wo have no cure to daj , surely it is 
not from lock of trymg " Sections on special metliods, nutritional factors, 
bacterial products, nitrogen mustards and clmical aspects follow Tiio 
section on nitrogen mustards represents a nearly complete account of all 
the work performed to date 

On the whole the experimental results are more depressing than the 
clinical Tins is inevitably ao, because the expenmentahsl aims at complete 
disappearance or cure of the test tumour, whereas the clinician is content 
with prolongation of life It has been proved beyond doubt that anti 
androgenic treatment of proatatic carcinoma m, man and urethane treat 
ment of selected coses of leuk'omia ore hfe prolonging procedures The 
position of the nitrogen mustards is still eub )udtcc 

In these papers and discussions the view is often expressed that when 
ji. specific and reliable euro for cancer is eventually found, reports of success 
will begin to appear from all over the world A plea is added for the 
publication in short form of negative results, m order to Bn\ o future workers 
from unnecessary labour and to guide them m planmng their experiments 


Illumiuants and illumination lor microscopical work 

By F E J OcKEVDEv 1047 London Williams 4, Norgate Fp 26 , 
7 figs on 3 plates and 9 text figs 2s 6d 

In many ways tins is just what the reviewer has been wnitmg for 

plam mercantile information about the various light sources useful to the 
microscopist, of the kind that the electrical salesman would scarcely Imow, 
and pleasantly garnished with enough scientific data to tickle the laboratory 
palate Tins is a “ Quekott Microscopical Club Monograph ”, bemg a 
reused separate publication of an article which appeared m the Jour-nal 
of ihe Qiiclett Mtcroscopxcal Cltfb senes 4. vol u, no 3, December 1946, 
it certamlj now rends both easily and explicitly Even m these austerity 
times it might have been worth enlarging both on the types of lamps 
produced bj the ^nrIous makers and on tho different illummatmg systems, 
but e\en in its small compass it will be valuable to all who ha\e to use 
photomicrography Tlio modem fashion of wntmg va as symbol for 
although sad to tho pious Scot is on© well worth adopting 
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A toxt-book ol pathology 

By E. T. Bell. Sixth edition. 1946. London: 
Pp. 010 ; BOO text figs, and 4 colour plates. ' SOs. 


Henry Kimpt 


ton. 


The sixth edition of Bell s text-hook has, appeared after an inter\'al of 
only two years since the fifth, a tribute to its undoubted merits, it has 
been considerably enlarged (910 instead of 862 pages), and the English 
price has been raised from 453. to 503. The American price is $7, the 
equivalent of 35s. at the current rate of exchange. It would be interesting 
to Imow the exact destination of this substantial addition to the price 
which the unfortunate British student will have to pay. 

“ The total number of illustrations has been increased from 448 to oOO 
by tho addition of 78 now figures and the omission of 26 old ones”. The 
illustrations hav’o always been one of the strongest features of this now 
well-established toxt-book, and particularly its photographs of clinical 
cases and morbid anatomical specimens and its well-chosen photomicro- 
graphs : tho drawings are much less satisfactory. “ A large part of the 
text . . . has been revised and much new material has been introduced. 
Among tho topics discussed more extensively ... are vitamin deficiencies 
and tropical diseases ”. The very full sectional bibliographies, with a 
brief statement as to tho content of each paper quoted, constitute another 
commendable feature. Very few new references have been added, however, 
which may perhaps be accounted for by tho short interval which has 
elapsed since tho last edition. 

Bell’s classification of tumours (pp. 296-298) remains a law unto itself. 
There is, admittedly, no wholly satisfactory classification of new growls 
and certainly Boll’s is not to bo commended. The suffix blastoma is 
used without any reference to whether the tumour is simple or mailman 
mature or anaplastic. “ Angioblastoma ”, “ Endothelioma and ^ eso- 


tholioma ” are given as main groups, like “ Coimective^ 
and ” Epithelial tumors Other main groups are headed ’ 

” Tumors of ners’ous tissue ”, “ Mixed tumors of salivary g an 
“Tumors of tho carotid body”, while “Leukaemia ’ll” - 

subheading “Malignant lymphoma” in tho ^o'^P ° u-itumors” 
blood-forming tissues Under tho group heading of pi ® . gjjj 
are four subheadings : — ^A. Papilloma, B. Adenoma, . ar ^ 

D, SpeoM forms of^ithclM timer,. It i. to “ Zi-* 

classification will bo evolved before tho seventh editum ma Btudents 

Tliat said, wo would commend this manual to both teachers and etude 

of pathology as ono well worthy of their attention. 
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